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CHAPTER XIV. 

THE VASCULAR GLANDS. 

The materiftls separated from the blood bj the ordinaiy process of 
aecsretion in glands, are always diacharged from the organ in which they 
m formed, and are either Btraightway expelled from the body, or if they 
an again received into the blood, it ia only after they have been altered 
from their original condition, as in the cuees of the saliva and bile. There 
appears, however, to be a modification of ^he process of secretion, in which 
certain materials are abstracted from the blood, undergo some change, 
and are added to the lymph or restored to the blood, without being pre- 
viously discharged from the secreting organ, or made use of for any second- 
ary purpose. Tho bodies in which this modified form of secretion takes 
place, are usually described as vascular glands, or glands without ducts, and 
include the epUen, the Ihymitf and thyroid glande, the stipra-rfttal cap- 
tulet, the pineal gland and pitnifary body, the (onsils. The solitary and 
agminate glands (Peycr's) of the intestine, and lymph-glands in general, 
also closely resemble them; indeed, both in structure and function, the 
vascular glands bear a close relation, on the one hand, to tlie true secret- 
ing glands, and on the other, to the lymphatic glands. The evident in 
favor of the view that these organs exercise a function analogous to that of 
socroting glands, has been chiefly obtained from investigations into their 
structure, which have shown that most of ihi; glands without ducts contain 
the same essential structures as the secreting glands, except the duota. 

TnE Spleen. 

The Spleen is tho lorgost of the so-called ductless glands; it is ^tuated 
to the left of the stomach, between it and tho diaphragm. It is of a deep 
red color, of a variable shape, generally oval, somewhat concavo-convex. 
Yaaols enter and leave the sploen at the inner side (hilos). 
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Structure. — The ^leen is coTered eitenimlly abncet «Mn{det«lT br 
m terwu coat deriTcd from the peritoneiim, while viUiia thta is the prc^r 
tfbmi* etmt or capntle of the orgaji. The Utter, composed ot connectiTe 
tame, with a large preporulennce of elastic fil»es, and a certain propor- 
tioo of anstnated mnccalur tUsoe, fonns the immediate investment of the 
spleen. Prolmiged from its inner surface are fibrous processes or Irabrcuia, 
containing mnch nnstriated mnscle, which enter the interior of the organ, 
and, dinding and anastomoaing in all parts, form a kind of sapponing 
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framework or glroina, in the interstice* of which the proper substance i 
the gpleen (gpleen-pulp) \a contained (Fig, 254). At the hilua of tlJ 
epIecD, the blood-vessels, nerves, and lymphatics enter, and the fibrod 
eout is prolonged into the spleen -substance in the form of investing ehes 
for the arteries and reins, which sheaths a^n ure continuous with t 
trabecule before referred to. 

The iipUen-pii}p. which is a dark red or reddish-brown color, ie c 
poeed chiefly of cells, imbedded in a matrix of fibres formed of tij 
branching of large flattened nucleated endotholoid cells. Tlie spaces < 
the network only partially occupied by cells form a freely communicuti; 
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system. Of the cells some are granular corpnscles resembling the lymph 
corpuscles, more or lefie conneoted with the cells of the meshwork, both 
in general appearance and in being able to perform amoeboid movemonte: 
others are red blood-corpuscles of normal uppearauce or variously chaiigttd ; 
while there are uIbo large cells containing either a pigment allied to the 
coloring mutter of the blood, or rounded corpuades like red blood-cella. 

The Bplenic artery, after entering the spieeu by its concave atirface, 
divides and subdivides, with but little anastomosis between its branches; 
at the same time its branches are sheatlicd by the prolongations of fibrons 
coat, which they, so to speak, carry into the spleen with them. The 
arteries send off branches into the sploen-pulp which end in capillaries, 
and these either communicate, as in other parts of the body, with tlio 
radicles of the veins, or end in lacunar spaces in the spleen-pulp, from 
which veins arise (Gray). 

The walls of the smaller veins are more or less incomplete, and readily 
allow lymphoid corpuscles to Ixt swept into the blood-current. "The 
blood traverses the network of the pulp, and interstices of the lymphoid 
cells contained in the latter, in t)ie same manner as t)ie water of a river 
finds its way among the jiebbles of its bed: the blood from the arterial 
capillaries is emptied into a system of intermediate )ias8Uges, which are 
directly boundetl by the cells nud fibres of the network of the pulp, and 
from which the smallest venous radiole^ with their cribriform walla take 
origin" (Frey). The veins are large and very distensible: the whole tis- 
sue of the spleen is highly vascular, and becomes readily engorged with 
blood: the amount of distension is, however, limited by the fibrous and 
muscular tissue of its capsule and tmbeculae, which forms an investment 
and support for the pulpy mass within. 

.On the face of a section of the spleen can be usually seen readily with 
the naked eye, minute, scattered rounded or oval whitish spots, mostly 
from Vk to )<g inch in diameter. Tlie«e are the Malpighian atrpiitclea 
of the spleen, and are situated on the sheaths of the minute splenic tirte- 
riea, of which, indeed, they may be said to be outgrowths (Fig. 25-1). For 
while the sheaths of the larger arteries are constructed of ordinary con- 
nective tissuL', this has become modified where it forms an investment 
lor the smaller vessels, so as to be composed of adenoid tissue, with abnu- 
douce of cori)nsclea. like lymph-corpascles, contained in its meshes, and 
tiie Muipighian cori)Uscles are but small outgrowths of this ciflogenous or 
oell-bttaring connective tissue. They are composed of cylindrical musses of 
corpuscles, intersected in all ports by a delicate Bbrillar tissue, which 
though it invests the Alalpighian bodies, does not form a complete cap- 
Bnl«. Blood-cupillaries traverse the Matpighian cor|>U8oles and form a 
plexus in their interior. The structure of a Malpighian corpuscle of tJie 
spleen is. tliereforo. very similar to tbut of lymphatic-gland substaniH!. 

Functions. — With res]>ttct to the oQleo of the spleen, we have the 
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following data. (1.) The large size which it gradually acquires toward 
the termination of the digestive process, and the great increase observed 
about this period in the amount of the finely-granular albuminous plasma 
wjthiu its parenchyma, and the subsequent gradual decrease of this mate- 
rial, seem to indicate that this organ is concerned in elaborating the albu- 
minous materials of food, and for a time storing them up, to be gradually 
introduced into the blood, according to the demands of the general 
system. 

(2.) It seems probable that the spleen, like the lymphatic glands, is 
engaged in the formation of blood-corpuscles. For it is quite certain, 
that the blood of the splenic vein contains an unusually large amount of 
white corpuscles; and in the disease termed leucocythsemia, in which the 
pale corpuscles of the blood are remarkably increased in number, there is 
almost always found an hyportrophied state of the spleen or of the lym- 
phatic glands, in Kollikcr's opinion, the development of colorless and 
also colored corpuscles of the blood is one of the essential functions of 
the spleen, into the veins of which the new-formed corpuscles pass, and 
are thus (jonvcyed into the general current of the circulation. 

(3.) There is reason to believe, that in the spleen many of the red cor- 
puscles of the blood, those probably which have discharged their office 
and are worn out, undergo disintegnition; for in the colored portions of 
the spleen-pulp an abundance of such corpuscles, in various stages of 
degeneration, are found, while the red corpuscles in the splenic venous 
blood are said to })e relatively diminished. This process appears to be as 
follows. The blood-corpuscles, becoming smaller and darker, collect to- 
gether in roundish heaps, which may remain in this condition, or become 
each surrounded l)y a cell-wall. The cells thus produced may contain 
from one to twenty blood-corpuscles in their interior. These corpuscles 
become smaller and smaller; exchange their red for a golden yellow, 
brown, or black color; and at length, are converted into pigment- 
granules, which by degrees become paler and paler, until all color is lost. 
The corpuscles undergo these changes whether the heaps of them are 
enveloped by a cell-wall or not. 

(4.) From the almost constant presence of uric acid, as well as of the 
nitrogenous bodies, xanthin, hypoxanthin, and leucin, in the spleen, 
soiue i\itrogenou8 metabolism may l)e fairly inferred to occur in it. 

(5.) Besides these, its supposed direct offices, the spleen is believed to 
fulfil some purpose in regard to the portal circulation, with which it is in 
close connei'tion. From the reaiHuess with which it admits of being dis- 
tended, and fron\ the fact that it is generally small while gastric diges- 
tion is going on, aiul enlarges when that act is concluded, it is sup(>osed 
ti> act as a kind of vascular reservoir, or diverticulum to the portal system, 
or more pirtieularly to the vessels of the stomach. That it may serve 
such a puriH)st» is also made probable by the enlargement which it under- 
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goes in certain affoctiona of the heart and liver, attended with obstruction 
to the passage of blood through the latter organ, and by its diminution 
when the congeatioii of the portal ayBtem is relieved by discharges from 
the bowels, or by the effusion of l)lood into the stomach. Tliis mechani- 
cal influence on the circulation, however, can hardly be supposed to be 
more than a very subordinate function. 

It is only necessary to mention that SchifT believes that the spleen 
manufactures a substance without which the pancreatic secretion cannot 
act upon proteids. so that when the spleen is removed the digestive action 
of the pancreas is stopped. 

Influence of the Nervous System upon the Spleen.— When the 

eplt'cii is enlarged after digestion, its enlargement is probably due to two 
caiiseg, (1) a relaxation of the muscular tissue which forms so large a 
part of its framework: (2) a dilatation of the vessels. Both these phe- 
nomena are doubtless under control of the nervous system. It has been 
found by experiment that when the splenic nerves are cut the spleen 
enlarges, and that contraction can be brought about (1) by stimulation 
of the spinal cord (or of the divided nerves); 
(2) reflexly by stimulation of the central 
stumps of certain divided nen~cs, e.g., vagus 
and sciatic; (.3) by local stimulation by an 
electric current; (4) the exhibition of quinine 
and some other drugs. It has been shown hy 
means of a modification of the plethysmo- 
graph (Roy), that the spleen undergoes rhyth- 
mical contractions and dilatations, due no 
doubt to the contraction and relaxation of 
the muscular tissue in its capsule and tra- 
becnlffi. The gland alsoshows the rhythmical 
alteration of the general hlood pressure, but 
to a teas extent than the kidney. 

The TnvMCB. 
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early after birth, and after the second year iieer 
graduollv diminishes, until in adult life hard- rmiui'._ 
ly a vestige remains. At its greatest devel- 
opment it is a long narrow body, situated in the front of the chest behind 
the sternum and partly in the lower part of the neck. It is of a reddish 
or greyish color, distinctly lobulated. 

Structure.— The gland is surrounded by a fibrous capsule which 
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eencle in proceesee, forming traliccultif, which divide the giaod iDto lobet, 
and carry tlie blood unci lymph-TesBcls. The large trabecnlte branch into 
finmll ones, which divide the lobes into lobules. The gland is encased in 
» fold of tlio pleura. The lobules are further subdiyided into follicles by 
fine eouneotivo tissue. A follicle (Fig. liu'j) is more or less polyhedral in 
sliii2>u, and consists of cortical and medullary portions, the stractnre of 
both Ijeing of tideuoid tissue, but in the mednllatr 
portion the matrix is coarser, and is not so filled np 
with lymphoid corpuscles as in the cortex. The 
adenoid tJESuu of the cortex, and to a less marked ex- 
tent in the medulla, consists of two kinds of tissue, 
one with small meshes formed of fine fibres irith 
thickened nodal points, and the other enclosed within 
the first, com)>oeod of branched connective-tissue cor- 
Fif..aM._FrTimiihor. pusclcs (Wutncv). Scattered in the adenoid tissue of 
Hnl'ilnivia] I'ilirt <5"!fu' the nicdiilla arc the roncen/ric corpuscles of HastaU, 

liiyiiiUH ■>' u vfljf. Kllirlit- 1-1 J. 1 . ■ ' . 

iyiii»fnnn«i. HUowiiw wliicli are protoplasmic miisses of various sizes, con- 
.IfiMiTymmiOrfuipi- Willi srstiug of a ccntriil nucleated granular centre, sur- 
H™""Siw!M/"'(Ktiu rounded by flattened nucleated endothelial cells. In 
Biiii Nuiiiu ami .) ^]j^, reticulum, es])e('ially of the medulla, are large 

transparent giant cells. In the thymus of the dog and of other animals 
are to be found cysts, probably derived from the concentric corpuscles, 
Himie of which arc lined with ciliated c])ithi'lium, and others with short 
columnar cells. Ila-moglobin is found in the th)Tnn8 of all animals, 
either in these cysts, or in cells near to or of the concentric corpuscles. 
In the lynijili issuing from tlie thymus are found cells containing colored 
hliHHl-eorpusclcB and hemoglobin gntnulcs, and in the lymphatics of the 
thymus there arc more colorless cells than in the lymphatics of the neck. 
In the blood of the thymic vein, there appears sometimes to be an in- 
cn-aso in the colorless corpuscles and also nuisses of granular matter (cor- 
jiiiHf-Ies of Zimnierniunn) (Watiiey). The arteries radiate from the centre 
of tile gland. Lymph sinusef may be seen occasionally surrounding a 
grealer or smaller portion of the iwrii)hery of the follicles (Klein). The 
nerves are very minute. 

Function. — 'i'lie tbymus appears to take part in producing colored 
corpusi-les, lK>th from the large corpuscles containing luemoglobin, and 
alrio iiiilireelly from ihe colorless corpuscles (AVatiiey). Respecting the 
ruuiaiou of the gland in the hybeninting animals, in which it exists 
ihnmghout life: as each sucressive periotl of hiliernation approaches, the 
lliymut greatly enlarges and becomes hiilen with fat. which accumnlatea 
in it and in fat-glands connected with it, in even larger proportiona 
than it does in tbe ordinary seats of adipose tissue. Hence it ippeata 
to sene for the storing up of materials which, being re-abeorbed in 
inactivity of the hilienialing ]iet-io<]. may maintain the respiration and 
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the temperatiiro of the body in the reduced state to which they fall 
during that time. 

The Thyroid. 

The Thyroid gland is situated in the neck. It consiate of two lobes, 
one on each side of the tnichen extending upward to the thyroid cartila^, 
covering its inferior cornu and part of its body; these lobes are connected 
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across the middle line ny a middle lobe or isthmus. Tlie thyroid is cov- 
ered by the miisclea of the neck. It is highly Tascular, and varies in size 
in different individuals. 

Structure. — The gland is encased in a thin transparent layer of dense 
areolar tissue, fre^ from fat, containing elastic fibri>e. This rapeule sends 
in strong fibrous trabeculse, which enclose the thjToid vesicle* — which are 
ronnded or oblong irregular sacs, consisting of a wall of thin hyaline 
membrane lined by a single layer of low cylindrical or cubical cells. 
These vehicles are filled with a coagulable fluid or transparent colloid 
material. The colloid substance increases with age, and the cavities 
ippear to coalesce. In the interstitial connective tisene is a round meshed 
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capillary plexus and a large number of lymphatics. The nervee adhere 
closely to the vesseU. 

In the vesicles there are in addition to the yellowish glassy colloid 
material, epithelium cells, colorless blood corpuscles, and also colored cor- 
puscles undergoing disintegration. 

Function. — There is little known definitely about the function of the 
thyroid body. It, however, produces the colloid material of the vesicles, 
whicli is carried off by the lymphatics and discharged into the blood, and 
BO may contribute its share to the elaboration of tiiat fluid. The destruc- 
tion of red blood-corpuscles is also supposed to go on in the gland. 

SUPRA-EENAL CaPSULEB OB AdHENAUB. 

These are two flattened, more or leaa triangular or cocked-!iat shaped 
bodies, resting by their lower border upon the upper border of the 
kidneys. 

Structure. — The gland is surrounded by an outer sheath of connec- 
tive tissue, which soriietiines consiHta of two layers, sending in exceedingly 
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fine prtrfongations forming the framework of the gland. The gland tissne 
proper consists of an outside flrmer cortical ]iortiou, and an inside soft 
dark medullary portion. (1.) The cortical portion is divided into (Fig. 
258 b) an external narrow layer of small rounded or oval spaces, the z 
gUmuruhaa, made by the fibrous trabeoulte, containing multinucleated 
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masses of protoplasm, the differentiation of wliieh into distinct cells cannot 
bemadeuut. (b) A layer of cells arranged radially, the zona /asciciilala (c). 
The substunce of this layer is broken up into cylinders, each of which is 
surrounded by the connective-tisane framework. The cylinders thus pro- 
duced are of throe kinds — one containing an opaque, resistant, highly 
refracting mass (probably of a fatty nature); frequently a large number 
of nuclei are present; the individual cells can only be made out with diffi- 
culty. The second variety of cylinders is of a brownish color, and conr 
taina finely granular cells, in which are fat globules. The third variety 
consists of groy cylinders, containing a number of colls whose nuclei are 
filled with a large number of fat granules. The third layer of the corti- 
cal jwrtion is tJie zotui reltcularis (not shown in Fig. 258), This layer is 
apparently formed by the breaking up of the cylinders, the elements being 
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L'JHitieived and isolated. Tbe cells ure finely granular, and bare no 
deposit of fat in their interior; but in some specimens fat may be pres- 
ent, as well as certain large yellow granules, which may be called pig- 
ment granules. 

(2. ) The meduUari/ substance consists of a coarse rounded or irregular 
meshwork of fibrous tissue, in the alveoli of which are masses of multi- 
nucleated protoplasm (Fig. 259); numerous blood-vessels; and an abun- 
dance of ncrvouE elements. The cells are very irregular in shape and size, 
poor in fat, and occasionally branched; the nerves mn through the corti- 
cal substance, and anastomose over the medullary portion. 

Function. — Of the function of the supra-renal bodies nothing can be 
definitely stated, but they ore in all probability connected with the lym- 
ptutio system. 
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Addison^B Disease. — ^The collection of large numbers of cases in which 
the supra-renal capsules have been diseased, has demonstrated the veiy 
close relation subsisting between disease of those organs and brown dis- 
coloration of the skin (Addison's disease); but the explanation of this 
relation Lb still involved in obscurity, and consequently does not aid much 
in determining the functions of the supra-renal capsmes. 

Pituitary Body. 

This body is a small reddish-grey mass, occupying the sella turcica of 
the sphenoid bone. 

Structure. — It consists of two lobes — a small posterior one, consiBt- 
ing of nervous tissue; an anterior larger one, resembling the thyroid in 
structure. A canal lined with flattened or with ciliated epithelium, passes 
through the anterior lobe; it is connected with the infundibulum. The 
gland spaces are oval, nearly round at the periphery, spherical toward the 
centre of the organ; they are filled with nucleated cells of various sizes 
and shapes not unlike ganglion cells, collected together into rounded 
masses, filling the vesicles, and contained in a semi-fluid granular sub- 
stance. The vesicles are enclosed by connective tissue rich in capil- 
laries. 

Function. — Nothing is known of the function of the pituitary body. 

PixEAL Gland. 

This gland, which is a small reddish body, is placed beneath the back 
part of the corpus callosum, and rests upon the corpora quadrigemina 
(Fig. 327, g). 

Structure. — It contains a central cavity lined with ciliated epithe- 
lium. The gland substance proper is divisible into — (1.) An outer corti- 
cal layer, analogous in structure to the anterior lobe of the pituitary body; 
and (2) An inner central layer, wholly nervous. The cortical layer con- 
sists of a number of closed follicles, containing (a) cells of variable shape, 
rounded, elongated, or stellate; (J) fusiform cells. There is also present 
a gritty matter (acervulus cerebri), consisting of round particles aggre- 
gated into small masses. The central substance consists of white and grey 
matter. The blood-vessels are small, and form a very delicate capillary 
plexus. 

Function. — Of this there is nothing known. 

FuNcnoxs OF THE Vascular Glands in General. 

The opinion that the vascular glands serve for the higher organization 
of the blood, is supported by their being all especially active in the dis- 
charge of their functions during foetal life and childhood, when, for the 
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development and growth of the body, the most abundant supply of highly 
organized blood is necessary. The bulk of the thymus gland, in propor- 
tion to that of the body, iipjiears to bear almost a direct proportion to tlie 
activity of the body's development and growth, iind when, at the period 
of puberty, the development of the body may be said to be complete, the 
^land wastes, and finally disappears. The thyroid gland and snpra-renol 
cnpButes, also, though they probably never cease to discharge some amount 
of function, yet are proportionally much smaller in childhood than in fottal 
life and infancy; and with the years advancing to the adult period, they 
diminish yet more in proportionate size and apparent activity of function. 
The spleen more nearly retains its proportionate size, and enlarges nearly 
ad the whole boily does. 

The vascular glands seem not essential to life, at least not in the 
adnlt. The thymus wastes and disappears: no signs of illness attend some 
of the diseases which wholly destroy the structure of the thyroid gland; 
and the spleen has boon often removed in animals, and in a few instances 
in men, without any evident ill-consequence. It is possible that, iu such 
cases, some compensation for the loss of one of the organs may be aflonifd 
by an increased Hottvity of function in those that remain. 
' Although the functions of all tlie vascular glands may be similar, in 
so far as they may all alike sen'e for the elaboration and maintenance of 
the blood, yet each of them probably discharges a pccnliar office, in rela- 
tion either to the whole economy, or to that of some othef organ. Ke- 
spccting the special office of the thyroid gland, nothing reasonable can he 
suggested; nor is there any certain evidence coucerning that of the sujira- 
renal eaj>sules. Bergman believed that they formed part of the sympa- 
thetic nervous system from the richness of their nervous supply. Eolliker 
states that he is inclined to look upon the two parts as functionally dis- 
tinct, the cortical part belonging to the blood va^ular system, and the 
medoUary to the nervous system. 



CHAPTER XV. 

CAUSES AXD PHENOXEXA OF MOTIOIT. 

Ik the animal body, motion is produced in these aeTeral Tavs: (1.) 
The oecillatoTT or vibratory movement of Cilia. (2.) Amaboid and certain 
Molecular morements. (3.) The contraction of Muscular _fibn. 

L CiUABT Monox. 

I Ciliary, which is cloaely allied to amccboid and mascnlar motion (p. 8, 
Vol. I. ), conaiats in the incessant vibration of fine, pellucid processes, about 
■pf^ of an inch long, termed cilia (Figs. 260, 261,) situated on the free* 
extremities of the cells of epithelium covering certain surfaces of the body. 

The distribution and structure of ciliart' epithelium and the micro 
Bcopic appearances of cilia in motion have been already described {pp. 
25, 2fi. Vol. I.). 

Ciliary motion is alike independent of the will, of the direct infln- 
ence of the nervons system, and of muscnkr contraction. It continues 
tot ureral boors after death or removal from the body, provided the 
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portion of tissue under examination be kept moist. Its independence of 
the nervous system is shown also in its occurrence in the lowest inverte- 
brate animals apparently unprovided with anything analogons to a nervous 
system, in its persistence in animals killed by pmssic acid, by narcotic or 
other poisons, and after the direct application of narcotics to the ciliary sur- 
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face, or the discharge of a Leyden jar, or of a gaWanic ehock through it. 
The vapor of cliloroform arrests the motion; but it is renewed on the dis- 
continuance of the application (Lister). The movement ceasea in an at- 
mosphere deprived of oxygen, but is revived on the admission of this gae. 
Carbonic acid stops the movement. Tlio contact of various eubataiicea 
will stop the motion altogether; but this seems to depend chiefly on 
destruction of the delicate substance of which the ciiia are composed. 

Nature of Ciliary Action. — Little or nothing is known with cer- 
tainty regarding the nature of ciliary action. U is a spucial niiuiifcetution 
of a similar property to that by which the other motions of animals are 
effected, namely, by what we term vitiil ronlra4:titilif (Sliarpey). The 
fact of the more evident movements of the larger animals being effected 
by a structure apparently different from that of cilia, is no argument 
against such a supposition. For, if wo consider the matter, it will be 
plain that our prejudices against admitting a relationship to exist between 
the two stnictures, muscles and cilia, rests on no definite ground; and 
for the simple reason, that we know so little of the manner of production 
of movement in either case. Tlie mere difference of structure is not an 
argument in point; neither is the presence or absence of neiTcs. For in 
the ftetus the heart begins to pulsate when it consists of a mass of em- 
brwnic cells, and long before either muscular or nervous tissue has been 
differentiated. The movements of both mnacloa and cilia are manifesta- 
tions of entrgy, by certain special structnres, which we call resjwctively 
muscles and cilia. We know nothing more about the means by which 
the manifestation is effected by one of these structures than liy the other: 
and the mere fact that one has nerves and the other has not, is no more 
firgument against cilia having what we coll a vital power of contraction, 
than the presence or absence of stripes from voluntary or involuntary 
muscles respectively, is an argument for or against the contraction of one 
of them being vital and the other not so. 

As a special subdivision of ciliary action may be mentioned the motion 
of spermatozoa (Fig. 403), which may be regarded as cells with a single 
cilium. 

IL Am«doid Motion. 

The remarkable movements observed in colorless blood corpuscles, 
connective- tissue corpuscles, and many other cells (p. 8. Vol. L), must he 
r^arded as depending on a kind of contraction of portions of their mass 
very similar to muscular contraction. 

There is certainly an analogy between the spherical form asanmeil hy a 
colorless bloo<l-cor|inaclc on electric stimulation and the condition known 
u tetanus in mtisdcs. 
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III. Muscular Motios. 

Varieties of Muscular Tissue. — There are two chief kinds of 
inusi;iilur tiesue: (1.) the plain ot non-striateii, taid {2.) the gfriatetl, and 
tliey ure distinguished by stractuml peculiarities and mode of action. 
The striped form of muscular fibre is sometimes called voluntary muscle, 
because all muscles under the direct control of the will are constructed of 
it. The plain or unstriped variety is often termed invobaitarp. because 
it alone is found in the greater number of the muscles over which the 
will has no power. -^_ 

(1.) Plain or Unstriped Muscle. ^H 

Distribution. — Involuntary muscle fornis the proper muscular coats 
(1.) of the digestive canal from the middle of the a'sophagus to the inter- 
nal sphincter uni; (2.) of the ureters and urinary bladder; (3.) the trachea 
and bronchi; (4.) the ducts of glands; (5.) the gall- 1»1 adder; (fi.) the 
Tcsicnhe seminales; (7.) the pregnant uterus; (8.) of blood-vessels and 
lymphatics; (9.) the iris, and some other parts. This form of tissue a 
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enters (10.) largely into the composition of the tunica <larto8. and is the 
principal cause of the wrinkling and contraction of the scrotiim on expo- 
sure tocold. Unstriped musculartissuo occurs largely also (11.) in the cutis 
(p. 335, Vol. I.), being especially abundant in the interspaces between 
the bases of the papilla. Hence when it contracts under the influence of 
cold.fear, electricity, or any other stimulus, the papillce are made unusually 
prominent, and give rise to the peculiar roughness of the skin termed 
chUh iiHserina. or goose skin. It occurs also in the snperticial jmrtion of 
the cntis, in all parts where hairs occur, in the form of flattened roundish 
bundles, which lie alongside the hair-follicles and sebaceous glands. They 
puss obliquely from without inward, embrace the sebaceous glands, and 
are attached to the hair-folliclea near their base (Fig. 228). 
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Structure. — The non-etriated muacles are made up of elongated, 
spindle-shnped, nucleated, fibre cells (Fig. 21)3), which in their [lerfeot 
form are flal, from about j^stj to n'mjof an inch broad, and ,^5 to jio uf 
an inch ia length, — very clear, grauultir, and brittle, so that when tliey 
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break they often have abruptly rounded or square extremities. Each 
M.ixcle cell consists of a fine sheath, probably elastic; of a central bundle 
of HbriU representing the contractile gubstanoe; and of an oblong nucleus 
which includes within a membrane a fine network anastomosing at the 
poles of the nucleus with the contractile fibrils. The ends of fibres 
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are usually single, sometimes divided. Between the fibres is an albumi- 
noos cementing maU^^rial (cndomysiuin) in which are found conuective- 
tisaue corpuscles, and a few fibres. The perimyfinm is the fibrous con- 
nective tissue surrounding and separating the bundles of muscle cells. 

(2.) Striated or Stiupep Mi-scle, 
Distribution, — The striated muscles include the whole class of vnl- 
vntarff rinisclcs, the heart, and those muscles neither completely volun- 
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taij Bar inrofintlaiy, which form pan of the Talis of die ^tarjta, ud 
«iW in naa; otiier paru of the bodr, as the iatenmH ear, nratknt, et& 

Stmctnre. — ^AIl these mtudes are cenpond of laiiger or smlkr 
t^irfkt flf maiCBjar filnca called /iuciVa/i, enelaaed in corerio^ of Sbra- 
ecQolar time {ferimfitmm), bj which each is at oooe coniiectod with 
■od inbted from tbow adjacent to it (Fig. 265). Soppoiting the fibne 
eoatained in each *— '''««''™ ia a ecantj amoaat of fine connectiTe tinBe 
endontyriuTn, 

Each moscnlar fibre i^ thas oonstmcted: — £xt«niaU)r is a fine, tnuw- 
parent, rtmclnreksB membrtne, called tb« tarcolfruuux (Fig. 3S6, A), 
which in the form of a tubular investing sheath forms the outer wall ut _ 
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the fibre, and is filled up by the contraotile material of which the fibre ia 
chiefly composed. Sometimes, from its companitiTe toughness, the earcw- 
lomma will remain untorn, when by eitcnflion the containod part oiu be 
broken (Fig. 2ijQ), and its presence is in this way best demonstnted. J 
The fibres, which are cylindriform or prismatiL-, with an average diametwfl 
of ubout j^ of an inch, are of a pale yellow color, and apparently markedl 
by fine striie, which pass transversely round them, in slightly curved or 
wholly parallel lines. Each fibre is found to consist of broad dim bands 
of highly refroctivG substance representing the contractile portion of the 
mnscle fibre — the contractile discs (Fig. 267, A, c) — alternating with naiv ■ 
row bright bands of a less refractive substance — the interstiiial dtBetM 
(Fig. 2fi7, A, i). After hardening, each contractile disc becomes longi-l 
tiidiniilly striiited, the thin oblong rods thus formed lieing the sarco 
ekmeHl-s of liowinun. The sarcoua elements are not the optical nnita. I 
since each consists of minute doubly-refracting elements — the disdiaeUuta 
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of Briicke. When seen in tranaverse section the contractile discs appear 
to be sabdivided by clear lines into polygonal areas, Cuhnheim'g fidtU 
(Fig. 271), each corresponding to one sarcous element priani, The clear 
lines are due to a transparent interstitial flnid substance prcsswi out of 
the sarcouB elements when they coagulate. There is still Bome doubt 
regarding the nature of the fibrils. Each of them appears to be com- 
posed of a single row of minutedark quadrangular particles, called mrcnug 
elftiients, which are Beparated from each other by a bright space formed 
of a pellucid substance continuous with them. Sharpey believes that, 
even in a fibril so constituted, the ultimate anatomical element of the 
fibre has not been isolated. He believes that each fibril with qua<irang«lar 
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sarcoas elements is composed of a number of other fibrils still finer, so that 
the sarcous element of an ultimate fibril would be not c|U8dranguiar, but 
as a streak. In either case the appearance of strlatiou in the whole fibre 
would be produced by the arrangement, side by side, of the dark and 
light portions respectively of the fibrils (Fig. 267, B, tl). 

A fine streak can usually be discerned passing across the interstitial 
disc between the sarcous elements: this streak is termed Erause's mem- 
brane: it is continuous at each end with the sarc-olemma investing the 
muscular fibre (Fig. 2C6. B). 

Thus the space enclosed by the sarcolemma is divided into a series of 
compartments by the transverse partitions known as Krause's membranes; 
tbe«e compartments being occuplcil by the true muscle substance. On 
Vol. II.— 2. 
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each side (abovo and below) of Krausc's mcnibrane is a bright I 
(lateral disc). In the centre of the dark zone uf surcous elements a lighte 
band can Bometimes be dimly diacemed: this is termed the middle dit 
o/Jfeiism (see Fig. Jtili, A). 

In some fibres, chiefly those from insects, Quch lateral disc contains ft I 
row of bright granules forming the granular layer of Flogel. The fibres 
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contain nuclei, which are roundish ovoid, or spindle-shaped in different^ 
animals. These nuclei are situated close to the aarcolumma, their long 
axes being parallel to the fibres which contain them. Each nucleus is 
composed of a uniform network of fibrils, and is embedded in a thin, 
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more or less branched film of protoplasm. The nucleus and protoplaa 
together form the niuaclc cell or muscle rorpuncU of Max Scbiiltze. 

The sarcous elements and Krauae's membranes are doubly refracting^ 1 
the rest of the fibre singly refracting (Briicko). 
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According to Schifer, the gnuiulee, which have been mentioned on 
either aide of KmuBo'a mcmbnuie, are little knobs attaclied to the ends of 
"muscle-rodB;"and thpBe muscle-rods, knobbed at each end and imbedded 
in a homogeneous protoplasmic ground-substance, form the substance of 
the muscles. This view, however, of the structure of muscle requires 
further confirmation before it can be accepted. 

Although each muscular fibre may be considered to be formed of a 
number of longitudinal fibrils, arranged side by side, it is also true that 
they are not naturally separate from each other, there being lateral 
cohesion, if not fusion, of each sarcoua element with those around and in 
contact with it; bo that it happens tlmt there is a tendency for a fibre to 
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split, not only into separate fibrils, but also occasionally into plates or 
discs, each of which is composed of Barcous elements latornlly adherent 
one to another. 

Muscular Fibres of the Heart (Figs. 272 and 273) form the chief, 
though not the only exception to the rule, that involuntary muscles are 
conatrncted of plain tibrcs; but altJiough striated and so far resembling 
thofle of the skeletal muscles, they present these distinctions: — Each 
muscular fibre is made up of elongated, nucleated, and bninched cells, 
the nuclei or muscle- corpuscles being centrally placed in tiie fibre. The 
fibres are finer and less distinctly striated than those of the voluntarjr 
muv^Ies; and no Barcoleinma can be usually discerned. 

Blood and Nerve Supply.— The voluntary muscles are freely sup- 
plied with blood-vessels; llie capillaries form a network with oblong 
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meahea around the fibrea oh the outside of the aarcolemma. No vessels 
penetrate the aarcolemma to enter the interior of tho fibre (Fig. 270). 
Nerves also are supplied freely to muscles (pp. 76, 80, Vol. II-); the foluii- 
tary muBcles receiving chiefly nerves from the cerebro-spinal system, and 
the nnatriped muscles from the sympathetic or ganglionic system. 




Development. — (1.) Unstriped. — The cells of unstriped muscle ars ■ 
derived directly from embryonic cells, by an elongation of the ceil, and I 
ita nucleus; the latter changing from n vascular to a rod shape. 

(2.) Striped. — Formerly it wjls supposed that striated fibres are formed I 
by the coalescence of several cells, but recently it has been proved, thiitl 
each fibre is formed from a single cell, the process involving an enormous ' 
increase in size, A multiplication of the nucleus by fission, and a differen- 
tiation of the cell-contents (Remak, Wilson Fox). This view differs but 
little from that previously taken by Savory, that the muscular fibre is 
produced, not by multiplication of cells, but by arrangement of nuclei in 
a growing mass of protoplasm (answering to the cell in the theory just 
referred to), which becomes gradually diffcreutiatGd so as to assume the 
characters of a fully developed muscular fibre. 

Growth of Muscle. — The growth of muscles, both striated and non-l 
striated, ifl the result of an increase both in the number and size of tfaft] 
individual elements. 

In the pregnant utenis the fibre-cells may become enlarged to te&j 
times their original length. In involution of the ntems after parturiticdtfl 
the reverse changes oconr, accompanied generally by some fatty infil-l 
tratiou of the tissue and degeneration of the fibres. 
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Physiology of Muscle. 
Muscle may exist in three different conditions: rest, nrlivily, and rigor. \ 
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I. Rest. 

Physical Condition. — During rest or inactivity a muacle has a slight 
but very perfect elasticify; it admits of being conaidorably stretched; but 
returns readily and completely to its normal length. In the living body tlie 
muscles itre always stretched somewhat beyond their natural length, tliey 
are always in a condition of sliglit tension; an arrangement which enables 
the whole force of the contraction tu be utilized in approximating the 
points of attachment. It is obvious that if the muscles were lux, tlie first 
part of the contraction till the muscle became tight would be wasted. 

There is no doubt that even in a condition of rest oxygen is being 
abgtracled from the blood and carbonic acid given out by a muscle; for the 
blood becomes venous in the transit, and since tlie muscles form by far 
tlie largest element in the composition of the body, chemical changes 
niusl be constantly going on in thorn as in other tissues and organs, 
although not neceesarily accompanied by contraction. When cut out of 
the body such muscles retain their contractility longer in an atmosphere 
of oxygen than in an atmosphere of hydrogen or carbonic acid, and during 
life, an amount of oxygon is no doubt necessary to the manifestation of 
energy as well aa for the metabolism going on in the resting condition. 

Chemical composition. — The reaction of living mugclo is iii-i'tral or 
glighthj alkaline. The substance or mnscle plasma which forms the con- 
tra(.'tile principal element in its composition undergoes coagulation when 
the muscle is removed from the body, and the process may be observed 
if the coagulation be delayed by cold. If the muscles of a frog bo frozen, 
minced whilst in that condition, and reduced to a pulp by being rublied 
up with a 1 per cent, solution of sodium chloride, the temperature of 
which must bo very low, on filtration in the cold, a colorleee, somewhat 
tnrbid filtrate separates with difficulty, which is muscle plasma. Thia 
fluid at the ordinary temperature of the air undergoes a coagulation or 
clotting, by which it is separated, as in the case of blood, into mit>cU- 
seruvi and muscle-clot. The latter, however, is not made up of fibrin but of 
fnyosin. which is a globulin (p. 328, Vol. 11.). Myosin may also be obtained 
from dead muscle by subjecting it, after all the blood, fat, fibrous tissue, 
and substances soluble in water, have been removed, to a ten per cent, 
eolution of sodium chloride, filtering and allowing the filtrate to drop into 
a large quantity of water; myosin separating out as a white flocculent 
precipitate. Obtained in either way, viz., from living or dead nmsclo, 
myosin is soluble in dilute saline solutions, and the solution nndergoes 
coagulation at a lower temperature than serum-albumin or paraglobulin, 
Tiz., at 131°— 140° F. (55°— CO" C). It is coagnlatod also by alcohol. 
It is dissolved and converted into acid-albomin by dilute acid, such aa 
hydrochloric. 
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Muscle -seruni is aciil in reaction, contains serum-albumin and e 
other proteida as well as other bodies, among which are fats; free acidi 
especially earco-lactic, formic, and acetic; glucose, glycogen and inosita 
kreatin, hyposanthin, or carnin, taiirin, and other nitrogenous crystalliiu 
bodies; many salts, of which the chief is potaesiiini phosphate; Carboniq 
acid, and lastly Hwmogiobin, on which the color of muscles partial 
depends. There are also traces of ferments, pepsin among others. 

Electrical Condition; Natural muscle cvrrents. — In muscles whiclfl 
have been removed from the body, it has been found that electrical c 
rents can be demonstrated for some little time, passing from point td-J 
point on their surface; but as soon as the muscles die or enter into rigoi 
mortiS) these currents disappear. The method of demonstration usuall^ 
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employed is as followe: The frog's muscles are most convenient for ex-l 
periment, and a muscle of regular shape, in which the fibres are parallel,^ 
is selected. The ends are cut off by clean vertical cuts, and the resulting 
piece of muscle is called a regular muscle prism. The muscle prism is in- 
sulated, and a pair of non-polarizable electrodes connected with a very deli- 
cate galvanometer are applied to various points of the prism, and by a de- J 
flection of the needle to a greater or less extent in one direction or another^ 
the strength and direction of the currents in the piece of muscle can l 
estimated. It is necessary to use non-polarizable and not metallic elet 
trodes in this experiment, as otherwise there is no certainty that the wholo 
of the current observed is communicated from the nmscle and i 
derived from the metallic electrodes themselves in consequence of the^ 
action of the saline juices of tho tissues upon them. The form of thftj 
non-polarizable electrodes is a modification of Du Bois Reymond's appa- J^ 
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ratus (Kig. 276), which consists of a somewhat flattoned glass cylinder a, 
dniwn abruptly to a point and fitted to a socket capable of movement and 
attached to a stand A, bo that it can be raised or lowered as required. The 
lower portion of the cylinder is filled with china clay moistened with 
saline solution, part of which projects through its drawn-out point, the 
rest of the cylinder is fitted with a saturated solution of zinc sulphate 
into which dips a well amalgamatetl piece of zinc which is connected by 
means of a wire with the galvanometer. In this way the zinc sulphate 
forms un homogeneous and non-polarizable conductor between the zinc 
and the china clay. A second electrode of the same kind is, of courae, 
necesaary. 

In such t 
follows: — 



, regular muscle prism the currents are found to be as 
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If from a point on the surface a line — the equator — be drawn across 
the muscle prism equally dividing it, currontB pass from this point to 
points away from it, which are weak if the points are near, and increase 
in strength as the points are further and further away from the equator; 
the strongest passing from the equator to a point representing the middle 
of the cut ends (Fig, 270, 2); currents also pass from points nearer the 
equator to those more remote (Fig. 2T6, 1, 3, 4), but not from points 
equally distant, or iao-electric points (Pig, 276, 6. 7, 8), The cut ends 
are always negative to the equator. These currents are constant for some 
time after removal of the muscle from the body, and in fact remain as 
long as the muscle retains its life. They are in all probability due to 
chemical change going on in the muscles. 

The currents are diminishetl by fatigue and are increased by an in- 
crease of temperature within natural limits. If the uninjured tendon be 
used as the end of the muscle, and the muscle be examined without re- 
moval from the body, the currents are very feeble, but they are at once 
much increased by injuring the muscle, as by cutting off its tendon. The 
last observation appears to show that they are right who believe that 
correnta do not exist iu muscles uninjured tn *Hv, but that injury, either 
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mechanical, chemical or thermal, will render the injured part electrically n 
negative to other points on the muscle. In a frog's heart it has been 
shown, too, that no currents e^iist during its inactivity, hut that aa soon 
as it is injured in any way currenta are developed, the injured part beiug 
negative to the rest of the muscle. The currents which have boon ahovd ^ 
described are called either iiatural mttscle currents or currents of rest,A 
according as they are looked upon as always existing in muscle or t 
developed when a part of the muscle is subjected to injury; in eith« 
case, up to a certain point, it is agreed that the strength of the currenta 
is in direct proportion to the injury. 

II. ACTITITT. 



The property of muscular tissue, by which its peculiar functions are! 
exercised, is its contractUifif, which is excited by all kinds of stimuli 1 
applied either directly to the muscles, or indirectly to them through the 
medium of their motor nerves. This property, although commonly 
brought into action through the nervous system, is inherent in the mus- 
cular tissue. For — (1). it may be manifested in a muscle which is iso- 
lated from the influence of the nervous system by division of the nerves a 
supplying it, so long aa the natural tissue of the muscle is duly nourished; f 
and (3). it is manifest in a portion of muscular flbre, in which, under] 
the microscope, uo nerve-fibre can be traced. (3). Substances snch a 
urari, which paralyze the nerve-endings in muscles, do not at all diminish J 
the irritability of the muscle, (i). When a muscle is fatigued, a Iocal'1 
stimulation is followed by a contraction of a small part of the fibre in thfl- 1 
immediate vicinity without any regard to the distribution of nerve-fibres. T 

If the removal of nervous influence be long continued, as by diviBion 1 
of the nerves supplying a muscle, or in cases of paralysis of long-standing, I 
the irritability, i.e., the power of both perceiving and responding to a I 
stimulus, may be lost; but probably this is chiefly due to the impaired j 
nutrition of the muscular tissue, which ensues through its inaction. The j 
irritability of muscles is also of course soon lost, unless a supply of arteriallj 
blood to them is kept up. Thus, after ligature of the main arterial trunkfl 
of a limb, the power of moving the muscles is partially or wholly lost, until''! 
the collateral circulation is established; and when, in animals, the abdom-., 
inal aorta is tied, the hind legs are rendered almost powerless. 

The same fact may be readily shown by compressing the abdominal 
aorta in a rabbit for about 10 minutes; if the pressure be released and the 
animal be ]>Iaced on the ground, it will work itself along with its front 
legs, while the hind legs sprawl helplessly behind. Gradually the muaclea ' 
recover their power and become quite as efficient as before. 

So. also, it is to the imperfect supply of arterial blood to t 
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tissue of the Iieiirt, that the ceasution of the action of this organ in 
afiphyiia is in some meiuuro due. 

Sensibility. — Besides the property of contractility, the muscles, 
cspocially the striated, possess sensibility by means of the sensory nen'e- 
fibres distributed to them. The amount of common sensibility in muscles 
is not great; for they may be cut or pricked without giving rise to severe 
pain, at least in their healthy condition. But they have a peculiar sensi- 
bility, or ut least a {Kculior modification of common seusibility, which is 
shown in that their nurres can (communicate to t)ie mind an accurate 
knowledge of their stales and positions when in action. By this sensibil- 
ity, we are not only made conscious of the morbid sensations of fatigue 
and cramp in muscles, but acquire, through muscular action, u knowledge 
of the distance of bodies and their relation to each other, and are enabled 
to estimate and compare their weight and resifitance by the effort of which 
we are conscious in measuring, moving, or raising them. Exce]>t with 
such knowlodgi} of the position and etate of eacli muscle, wo could not 
tell how or when to move it for any requireii action: nor without such a 
sensation of effort could we maintain the musolea in contraction for any 
prolonged exertion. 

MUSCL'LAR COWTRACnOK. 

The power which muscles possess of contraction may be called forth 
by stimuli of various kinds, viz., by Mechanical, Thermal, Chemical, and 
Electrical means, and these stimuli may also bo applied directly to tlie 
muscle or indirectly to the nene supplying it. There are distinct advan- 
tages, however, in applying the stimulus through the nen'ea, as it is more 
convenient, as well as more potent. 

Mechanical sHrnuH, as by a blow, pinch, prick of the muscle or its 
nerve, will produce a contraction, repeated on the rei»etition of the atim- 
nlus; but if applied to the same point for a limited nnmber of times 
only, as such stimuli will soon destroy the irritability of tlie preparation. 

Thermal stimuli. — If a noodle he heated and applied to s muscle or 
its nerve, the muscle will contract. A temperature of over 100° F. 
(3? '8° C.) will cause the muscles of a frog to pass into a condition known 
as heal rigor. 

Cltmiical stitiiitU. — A great variety of chemical substances will excite 
the contraction of muscles, some suhatancea being more potent in irrita*- 
ting the muscle itself, and other substances having more effect upon the 
nerve. Of the former may be mentioned, dilute acids, salts of certain 
metals, t.g.. zinc, copjier and iron; tn the latter belong strong glycerin, 
strong acids, ammonia and bile salts iii strong solution. 

Electrical stimtili. — These are most frequently used as mnscle stimuli, 
S0 the strength of the stimulus may be more conveniently regulated. 
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Tho kind of current employwl may be, for the sake of cleame^, tr«at«d^ 
of tinder two heads: — (1) T/ie confhiuovs current, and (2) The intiiiced 
eurrenl. (1) The continiioua current is supplied by a battery sach as 
that of Dauit'll, by whieh an eleclrical current which Taries but little in 
intensity is obtainud. The battery (Fig. 877) consists of a positive plate of 
well-aoialgamated zinc immersed in a porous cell, containing dilate sul- 
phuric acid; and this cell is again contoiited within a larger copper vessel 
(forming the negative plate), containing besides a saturated solution of 
copper snlpliate. The electrical current is made continuous by the nae of 
the two fluids in the following manner. The action of the dilute salphimc 
acid upon the zinc plate partly disaolveB it and liberates hydrogen, and j 
this gas passes through the porous vessel and decomposes the copper s 
phate into copper and sulphuric acid. The former is deposited upon thi 
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copper plate and the latter passes through the porous vessel to renew the 
sulphuric acid which is being used up. The copper sulphate solution ia 
renewed by spare crystals of the salt which are kept on a little shelf 
attached to the copper plate and slightly below the level of the solution J 
in the vessel. The current of electricity supplied by this battery willfl 
continue without variation for a considerable time. Other continuons-J 
current butteries such as Grove's may be used in place of Danieil's. 
way in which the apparatus is arranged is to attach wires to the coppi 
and zinc plates and to bring them to a key, which is a little apparatoaJ 
for connecting the wires of a buttery. One often cmjiloyed ia Du Boi 
Raymond's (Fig, 280, d); it consists of two pieces of brass about an ini 
long, in each of which are two holes for wires and binding screws to 1 
them tightly; these pieces of brass are fixed upon a vulcanite p' 
the under surface of which is a screw clamp by which it can be s 
to the table. The inter\'al between the pieces of brass can be \ 
over by means of a third thinner piece of similar metal fixed by a a 
to one of the brass pieces and capable of movement by a handle t 
angles, so as to touch the other piece of brass. If the wires from I 
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battery iirc broiiglit to the inner binding screws, and tlie bridge be brought 
to cnnnect them, the current passes across it and buck to the battery. 
Wires are connected ^nth the outer binding screws, and the other ends 
arc approximated for about two inches, but, being covered except at their 
points, are insulated, the uncovered points ore abotit an eighth of an inch 
apart. These wires are the ehdroiles, and the electrical stimulus is ap- 
pliwl to the muscle, if they are placed behind its nerve and the connection 
between the two brass plates of the key be broken by dcpressiug the 
handle of the bridge and bo raising the connecting piece of metal. The 
key ifl then said to be opened. (2) The induced mrrenl. — An induced 
current ia developed by means of an apparatus culled an induction coil, 
and the one employed for physiological purposes is mostly the one (Fig. 
27ft). 

Wires from a battery are brought to the two binding screws d' and d, 
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a key intervening. These binding screws are the ends of a coil of coarse 
covered wire c, called the primary coil. The ends of a coil of finer cov- 
ered wire ff, are attached to two binding screws to the left of the figure, 
one only of which is visible. This is the secondary coil and is capable of 
being moved nearer to c along a grooved and graduated scale. To the 
binding screwB to the left of (?, the wires of electrodes used to stimulate 
the muscle are attached. If the key in the circuit of wires from the bat- 
tery to the primary coil (primary circuit) be closed, the current from the 
battery passes through the primary coil and across the key to the battery 
and continiies to pass as long as the key continues closed. At the moment 
of cloaore of the key. at the exact instant of the completion of the primary 
circnit. an instantaneous current of electricity is induced in the secondary 
coil, p, if it be sufficiently near, and the nearer it is to c, the stronger is 
the onrrent. The induced current Ib only momentary in duration and 
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doa Dot contntoe doring the whole of the period when the primary c 
cut i* eomfitUs. When, however, the primsr)' current is bruken bjr 
ofBuag the key, s lecoDd, also momentan', current is induced in g. The 
fdVBur iadneed current is called the making, and the latter the 6reairirtg 
Aotk', the former a in the opposite to, and the latter in the same direc- 
tion, aa the primary current. 

The indnction coil may be used to produce a rapid aeriea of shocks by ] 
mesni of another and aci-essorj p&rt of the apparatus at the right of the I 
fignre. If the wires from a iMtlery are connected with the two pillars by | 
the binding screws, one below c, and the other, a. the course of the cur- 
rent is indicated in Fig. 379, the direction being indicated by the arrows , 
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The current passes up the pillar from e and along the spring, if the end of rf* 
be close to the spring, and the current pusses to the primary coil c, and 

to wires coTering two upright pillars of soft iron, from them to the pillar 
a, and out by the wires to the battery; in passing along the wire, b, the 
soft iron is converted into a magnet and so attracts the hammer,/, of the 
spring, breaks the connection of the spring with d' and so cuts off the 
current from the primary coil and also from the electro-magnet. As the 
pillars, S, arc no longer magnetized the spring is released and the current 
posses in the first direction, and is in like manner interrupted. At each 
make and break of the primary current, currents corresponding are in- 
duced in the secondary coil. These currents are, as before, in an opposite 
direction, but are not equal in intensity, the break shock being greater. 
In order that the shocks should be about equal at the make and break, a 
wire (Fig. 279, e') connects e and d', and the screw rf' is raised out of reach of 
the spring, and d is raised (aa in Fig, 279). so that part of the current 
always passes through the primary coil and electro-magnet. When the 
spring touches d, the current in b is diminished, but never entirely with- 
drawn, and the primary current is altered in intensity at each contact of 
the spring with d, but never entirely broken. 
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Record op Ml'scclas Comtraction dndee Stimdu. 

Tbe nmBcIes of the frog are those which can moat conveniently be 
experimented with and their contractions recorded. The frog is pithed, 
that is to Bay its central nervous syetem is entirely deBtroyed by the inser- 
tion of a stout needle into the spinal cord and the parts above il. One of 
it8 lower extremitiee is used in the following manner. The large trunk of 
tbe sciatic nerve is dissected out at the bock of the thigh, and a pair of 
electrodes \s inserted behind it. The tenUo-achitlis is divided from its 




Flo, »D.— ArrwutenJenl of the ■ppAntm nnxenrj tor recordliw Dii»de contrartipra wllh & 
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corerBd Doard whfcli iacapBlilc of hiuu ralKd or lowmd no Ihe uiirl^t. whicb nlsu can lie moTed 
■kxHi • lutid WumiiUr bar of nwUI MtlKbeA lo Uw baas of Uie nworalng appaniu*— Oh? ifndon of 
Uk iiaBtniaiBmliM It Mtacbed lo lite wtlllnir lever prowtly wrlEtiteil bj ft llRBtim, Tbe eleclmdm 
fumi llwKiiiiliif mil pUA to theupArmtw— bela^, forUwiBKeof amvenlencT. Arstof all bniu^t 
toa kn. a (Da Bnto Raymond's)'. C, the Inductloo coO ; F.lhe batteiTCIn tUa Ogun: > bIcbnanaEe 
eory, £ Uw kej (Mone*!} la the prlmwr circuit. 

attachment to the oa calois, and a ligatnre is tightly tied round it. Thia 
tendon is part of the broad muscle of the thigh (gastrocnemius) which 
arises from above the condyles of the femur. The femur is now fixed 
to a board covered with cork, and the ligature attached to the tendon is 
tied to the upright of a piece of metal bent at right angles (Fig. 280, b), 
which is capable of movement about a pivot at its knee, the horizontal 
portion carrjing a writing lever {myograph). When the muscle con- 
tiBcta tbe lever is raised. It is necessary to attach a small weight to the 
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lever. In this arrangement the miiBcle is in situ, and the nerve disturbed \ 
from its relations as little as possible. 

The muscle may, however, be detached from the body with the lower 
end of the femur from which it ariees, and the nerve going to it may be 
taken away with it. The femur is divided at about the lower third. The 
bone is held in a firm clamp, the nerve is placed upon two electrodes con- | 
nected with an induction apparatus, and the lower end of the muscle is I 
connected by means of a ligature attached to its tendon with a lever 
which can write on a recording apparatus. 

To prevent evaporation this so-called nerve-miiscle preparation is placed 
under a glass shade, the air in which ie kept moist by means of blotting 
paper saturated with saline solution. 



Effect of a sisgie Induction Shock. 

Taking the nerve-muscle preparation in either of these ways, on I 
closing or opening the key in the primary circuit we obtain and can I 
record a contraction, and if we uee the clockwork apparatus revolving! 
rapidly, a curve is traced such us is shown in (Fig. 281). 

Another way of recording the contraction ie by the pendulum myo- I 
graph (Fig. 282). Here the movement of the pendulum along a certain I 
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arc is substituted for the clockwork movement of the other apparatns. 1 
The pendulum carries a smoked glass plate upon which the writing lever J 
of a myograph is made to mark. The opening or breaking shock is sent I 
into the nerve-muscle preparation by the pendulum in its swing opening a 
key (Fig. 282, C.) in the primary circuit. 

Sing:le Muscle Contraction. — The tracings obtained in a manner I 
above described and seen in Fig, 2S1, may he thus explained. 

The upper line (in) represents the curve traced by the end of the lever J 
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after stimulation o{ the musclo by u single induct ion -shock: the middle 
line (/) ie that described by the marking -lever, and indicates by u sudden 
drop the exact instant at which the induction-shock was given. The 
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lower wavy line (/) is traced by a vibrating tuning-fork, and serves to 
measure precisely the intervals of time occupied in each part of the con- 
traction. 




thins lnl»r'iii«l. in Ini 
^_, ,,^-^ ...ttltnt was iHviDTiInE bi ifi^t^liu. Tlu> aMvul curvB I ^ ' ^*' 

It will be observed that after the stimulus has bi>eu applied, as indi- 
cated by the vertical line t, there is au interval before thu contraction 



32 



HAND-BOOK OF PHYSIOLOGY. 






commences, ae indicated by the line c. This interral, termed the 
period" (llolmholtz), when meusnred by the number of vibrationa of 
tuniug-fork between the lines g and r, is found to be about jiz sec. 

The contraction iirogreasea rapidly at first and afterward more slowly 
the maximnm (the point in the curve through which the line vix is drawnj' 
whicli takes yj^i sec, and then the muscle elongates again bs indicated by 
the descending curve, at first rapidly, afterwaid more slowly, till it attains 
its original length at the point indicated by tlio line c', occupying j^-j see, 

The muscle curve obtained from the heart resembles that of unetriped 
muscles in the long duration of tho effect of stimulation; the descending 
curve is very much prolonged. 

The greater part of the latent period is taken up by changes in the 
muscle itself, the rest being occupied in the propagation of the shock 
along tho nerve (M. Foster). 

Tetanus. — If instead of a single induction-shock through the prepA- 
ration we pass two, one immediately after the other, when the point of 




stimulation of the second one corresponds to the maximum of the first, 
a second curve (Fig. 283) will occur which will commence at the highest 
point of the firBt and will rise ua liigli, so Ihiit thu sum of the height of 




the two exactly equals twice the height of the first. If & third and a fourth 
shock be passed, a similar effect will ensue, and curves one above the other 
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will be traced, the third being slightly less than the second, and the 
fourth than the third. If the shocks be repeated at short intervals, how- 
ever, the lever after a time ceases to rise any fnrther, and the contraction 
wliich has reached its inasimun) ia maintained (Fig. 285), and the lever 
marks a straight line on the recording cylinder. This condition is called 
tetanus of inuscle. The condition of "an ordinary tetanic niuacular 
movement is essentially a vibratory movement, the apparently rigid and 
firm muscular mass is really the subject of a whole series of vibrations, a se- 
ries namely of simple spasms; it will be readily understood why a tetanized 
muscle, like all other vibrating bodies, gives out a sound" (M. Foster). 

If the stimuli are not quite so rapidly sent in the line of masinium 
contraction it becomes somewhat wavy, indicating a slight tendency of the 
muscles to relax during the intervals between the stimuli (Fig. ^84). 

Muscular Work. — We have aeeu (p. 124, Vol. I.) that wort is esti- 
mated by multiplying the weight raised, by the height through which it 
has been lifted. It has been found that in order to obtain the maximum 
of work, a muscle must be moderately loaded: if the weight be increaaed 
beyond a certain point, the muscle becomes strained and raises the weight 
through so small a distance that less work is accomplished. If the load is 
still further increased the muscle is completely overtaxed, cannot raise the 
weight, and consequently does no work at all. Practical illustrations of 
these facts must be familiar to every one. 

The power of a muscle is usually measured by the maximum weight 
which it will support without stretching. In man this is readily deter- 
mined by weighting the body to such an extent tliat it can no longer be 
raised on tiptoe: thus the power of the calf-muBeles is determined 
(Weber). 

The power of a muscle thus estimated depends of course upon its cross- 
section. The power of a human muscle is from two to three times as 
great as a frog's muscle of tho same sectional area. 

Fatigue of Muscle. — A muscle becomes rapidly exhausted from 
repented stimulation, and the more rapidly, tho more quickly the induc- 
tion-shocks succeed each other. 

This is indicated by the diminisheil height of contraction in the ac- 
companying diagrams (Fig. 286). It will be seen that the vertical lines, 
which indicate tho extent of the muscular contraction, decrease in length 
from left to right. The line a b drawn along the tops of these lines is 
termed the "fatigue curve." It is usually a straight line. 

In the first diagram the effects of a short rest are shown: there is a 
pause of tliree minutes, and when the muscle is again stimulated it con- 
tracts up to a', but tho recovery is only temporary, and the/«/ijtie airi'e, 
after a lew more contractions, becomes continuous with that before the 
rest 

In the second diagram is represented the effect of a stream of oxygenated 
Vol. II.-3. 
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MmmL IIw* w« )wt« b nulden rMtontioii of energr: tbe tnnacle in this 
MM mukf uti imlinlj fn»h ntnrt from a, and tbe new fatigae cnrre ii 

ytri^M Ui, inn\ iitner i:mnciiik» with the old one. 

A IhUkwhI niuiH-l«i iiM a iimcli longer "Intent period" than a fnab mie. 
TliN •I'fWiHnw wltti wliich iDUiiclefl respond to tbe vill when fatigued mmt 
Imi UmUiiir Ui t^vry one. 

Ill M riiiin'^lw witirh in ei)miiBt«d, stimulution only causes a contraction 
\iriKlui;\m( a l-H-ut I'ul^^tnf;; nour the [loint irritated. A similar effect maya 






t>i> |ti\>iliii>i>i1 In H tn^h Hiiiiu'lo l>v h nharp blow, as in striking the bicepr] 
KUiAlIlt \Ulh iKoihIi;i;> ti( tlu> tiMitd. when a battl musculu- swelling is la- 

Ac<i,\m|Mnlmvni« of Muscukr Contnctioa.— (i-) Htat ia d«- 
\'«)ts)t«>l iu iIhi iHuiir«i-'t)t\it tvf iuu«i<tv«. tleoqunrcl and Breecbet foand, 
wUh llw th<mn\^ntuUt)OtWt ftt)«>ul r F»hr. o( beat produced bv each forci- 
t^ i.'twtnil.thw \4 A tMUvV Wi-^)«: au^ wbvu th« actMoa were long oon- 
UWWp4, iW lvM\)*i«ni*Ht\> <vf llw mtwcb i wa -w w ri 4°. This estimate ia 
|w4<*^( tkVt^^ «* ^n t)w> fn>«i\i m»acV « i.XMaikiiwbIt coetraction baa bmn 
^ii»A Kv i^st^v »n »W<i»ttftM ttt 1<MK)tw»tifttv w^^ OB an avenge to 
twaatWi t''C< hi* vm4 kw^^«n «W4WM-t>tw4cv«t*|HM«t olbeat isdoe 
|« V-^iMNlJVwt s-tNM^pt* MHM^I! ^ ^^^^ wwcV., w t» t)» MMMa vt H» fibtn 
x<|p4iN«w^ «.'iwlc^ i*t v«\kN4' ^-WMv WW «Mif iwIM' •• it •> fmci of the heat 

Vt.^ j^MHi^ ik avU i» ^ |>iMiHw<idl vk** wwwiw tt mx ut* tmtSij, m 

«W»«NMknwMMK<'M t6iM» v4 ill* Mk «( ikwtkMMkukna aiiad 




0ATTBE8 AND PHBN'OMKNA OF MOTION. 35 

A low sliaking or rumbling sound is heard, the height and loudness of the 
note being in direct proportion to the force and quickness of the muscular 
action, and to the number of fibres that act together, or, as it were, in 
time. 

{S.) Change* in xhape. — The wiorfe of conlrmiion in the transversely 
ftriatcd muscular tissue has been much disputed. The most probublo 
account is, that the contraction is effected by an ajiproximation of the 
constituent parts of the fibrils, which, at the instant of contraction, without 
any alteration in tlicir general direction, become closer, flatter, and wider; 
a, condition which is rendered evident by the approximation of the trans- 
verse strife seen on the surface of the fasciculus, and by its increased 
breadth and thickness. The appearance of the zigzag lines into which it 
was supposed the fibres are thrown in contraction, is due to the relaxation 
of a fibre which has been recently contracted, and is not at once stretched 
again by some antagonist fibre, or whose estremities are kept dose to- 
gether by the contractions of other fibres. The contraction is therofore 
a simple, and, according to Ed. Weber, a uniform, simultaneous, and 
steady shortening of each fibre and its contents. What each fibril or 
fibre loses in length, it gains in thickness: the contraction is a change of 
form, not of size; it is, therefore, not attended with any diminution in bulk, 
from condensation of the tissue. This has been proved for entire muscles, 
by making a mass of muscle, or many fibres together, contract in n vosgol 
full of water, with which a fine, perpendicular, graduated tube comnui- 
uicatas. Any diminution of the bulk of the contracting muscle would 
be attended by a fall of fiuid in the tube: but when the eijierimenl is 
carefully performed, the level of the water in the tube remains the same, 
vhelhcr the muscle l>e contracted or not. 

In thus shortening, muscles appear to swell up, becoming rounder, more 
prominent, harder, and apparently tougher. But this hardness of muscle 
in the state of contraction, is not due to increased firmness or condensa- 
tion of the muscular tissue, hut to the increased tension to which the 
fibres, as well as their tendons and other tissues, are subjected from the 
resistance ordinarily opposed to their contraction. When no resistance 
is offered, &» when a muscle is cut off from it£ tendon, not only is no 
hardness perceived during contraction, but the muscular tissue is even 
aofter, more extensile, and less elastic than in its ordinary uucontracted 
«tiite. 

(4.) Chemical rhanges. — (a) The reaction of the muscle which is nor- 
mally alkaline or neutral becomes decidedly acid, from the development 
of urcolactic acid, [b) The muscle gives out carbonic acid gas and takes 
up oxygen, the amount of the carbonic' acid given out not appearing to be 
entirely dependent upon the oxygen taken in, and so doubtless in part 
arising npon some other source, (r) Certain imperfectly understood 
chemical changes occur, in all probability connected with (ci) and {b). 
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OSycogen ie dimiuished, and muscle sugar (inosite) appetirs; the extrae^^ 
tivee ore increased. 

(5.) Electrical changes. — When a muacle contracts the natural mascle 
cnrrent or currenta of rest undergo a distinct diminution, which is due to 
the appeanince in the actively contracting niuGcle of currente in an op- 
posite direction to those existing in the muscle at rest. This caueee a 
temporary deflection of the iitedle of a galvanometer in a direction oppo- 
site to the original current, and ie called by some the negaltve rariation of 
the muscle current, aud by others a current of action. 

Conditions of Contraction. — («) The irritability of muscle is great- 
est at a certain mean temperature; (i) after a number of contnictions a 
muacle gradually becomes exhausted; {<■) the activity of muscles after a 
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time disappears altogether when they are removed from the body or the 
arteries are tied; (d) oxygen is used up in muscular contraction, but a 
muscle will act for a time in vacuo or a gas which contains no oxygen: 
in this case it is of Course using up the oxygen already in store 
(Hermann). 

Response to Stimuli. — The two kinds of fibres, the 6triped and 
unstriped, have characteristic difierences in the mode in which they act 
on the application of the same stimulus; differences which may be asorihed 
in great part to their respective differences of structure, but to some 
degree, possibly, to their respective modes of connection with the nervous 
system. When irritation is applied directly to a muscle with striated 
fibres, or to the motor nerve supplying it, contraction of the part irri- 
tated, and of that only, ensues; and this contraction is instantaneous, and 
ceases on the instant of withdrawing the irritation. But when any part 
with unstriped muscular fibres, e.g., the intestines or bladder, is irritated, 
the subsequent contraction ensues more slowly, extends beyond the part 
irritated, and. with alternating relaxation, continues for some time after 
the withdrawal of the irritation. The difference in the modes of con- 
traction of the two kinds of muscular fibres may be particularly illus- 
trated by the effects of the electro-magnetic stimulus. The rapidly suc- 
ceeding shocks given by this means to the nerves of muscles excite in 
all the transversely -striated muscles a fixed state of tetanic contraction as 
previously described, which lasts as long as the stimulus is continued, and 
on its withdrawal instantly ceosea; but in the muscles with smooth fibroB 
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they excite, if any movement, only one that ensuea Blowly, is comparu,- 
tircly slight, alternates witli rest, and continues for a time after the 
stimulus ia withdrawn. 

In their mode of responding to these stimuli, all the ekeletal muscles, 
or those with transverse strife, are alike; but among those with plain or 
unBtriped 6bre8 there are many differences, — a fact which tends to con- 
firm the opinion that their peculiarity depends as well on their connection 
irith nerves and ganglia as on their own properties. The ureters and 
gall-bladder are the parts least excited by stimuli: they do not act at all 
till the stimulus has been long applied, and then contract feebly, and to a 
small extent. The contractions of the cscuni and stomach are quicker 
and wider-«pread: still quicker those of the iris, and of the urinary blad- 
der if it be not too full. The actions of the small and large intestines, of 
the ras deferens, and pregnant uterus, are yet more vivid, more regular, 
and more sustained; and they require no more stimulus than that of the 
air to excite them. The heart, on account, doubtless, of its striated 
muscle, is the quickest and most vigorous of all the muscles of organic 
life in contracting upon irritation, and ajipeara in this, as in nearly all 
other respects, to be the connecting member of the two classes of muscles. 

All the muscles rctaiu their property of contracting under the influence 
of stimuli applied to them or to their nerves for some time after death, 
the period being longer in cold-blooded than ia warm-blooded Verte- 
brata, and shorter in Birds than in Mammalia. It would seem as if the 
more active the respiratory process in the Uving animal, the shorter is the 
time of duration of the irritability in the muscles after death; and this 
is confirmed by the comparison of different species in the same order of 
Vertebrata. But the period during which this irritability lasts, is not the 
same in alt persons, nor in all the muscles of the same persons. In a 
man it ceases, accordmg to Nysten, in the following order: — first in the 
left ventricle, then in the intestines and stomach, the urinary bladder. 
Tight ventricle, cpsopbagus, iris; then in the voluntmy muscles of the 
tnmk, lower and upper extremities; lastly in the right and left auricle of 
the heart. 

III. Eioon Mortis. 
After the muscles of the dead body have lost their irritability or capa- 
TjDity of being excited to contraction by the application of a stimulus, 
thoy spontaneously pass into a state of contraction, apparently identical 
irith that which ensues dnring life. It affects all the muscles of the 
Iwdy; and. where external circumstances do not prevent it, commonly 
fixes the Umbs in that which is their natural posture of equilibrium or 
jeet. Hence, and from the simultaneous contraction of all the muscles 
<rf the trunk, is produced a general stiffening of the body, constituting the 
■rigor mffrtig or posl-mortem riyidity. 
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When thi^ condition has set in, the mnscle becomes acid in reaction 
(due to Sirco-bu:;tic acid), and gives off carbonic acid in great excess. Its 
volunne \k elightly diminished: the muscular fibres become shortened 
and oita^uL', and their eulistance has set firm. It comes on much more 
rapidly after muscular activity, and is hastened by warmth. It may be 
brought on, in muscles exposed for experiment, by the action of distilled 
water and many acids, also by freezing and thawing again. 

Cause. — The immediate cause of rigor seems coagulation of the 
muf^rle plasma (Brucke, Euhne, Xorris). We may distinguish three 
main stages. — (1.) Gradual coagulation. (2.) Contraction of coagulated 
muHcle-clot (myosin) and squeezing out of muscle-serum. (3.) Putrefac- 
tion. After the first stage, restoration is possible through the circulation 
of arterial bkxxl through the muscles, and even when the second stage 
lias set in, vitality may be restored by dissolving the coagidnm of the 
mus^jle in salt solution, and passing arterial blood through its vessels. 
In the third stage recover}' is impossible. 

Order of Occurrence. — The muscles are not affected simultaneously 
by poffi'tnorlem contraction. It affects the neck and lower jaw first; 
next, the upper extremities, extending from above downward; and lastly, 
reaches the lower limbs; in some rare instances only, it affects the lower 
extremities before, or simultaneously with, the upper extremities. It 
usually ceases in the order in which it began; first at the head, then in 
the upper extremities, and lastly in the lower extremities. It never com- 
mences earlier than ten minutes, and never later than seven hours, after 
death; and its duration is greater in proportion to the lateness of its ac- 
cession. Heat is developed during the passage of a muscular fibre into 
the condition of rigor mortis. 

Since rigidity does not ensue until muscles have lost the capacity of 
being excited by external stimuli, it follows that all circumstances which 
cause a speedy exhaustion of muscular irritability, induce an early occur- 
rence of the rigidity, while conditions by which the disappearance of the 
irritability is delayed, are succeeded by a tardy onset of this rigidity. 
Hence its speedy occurrence, and equally speedy departure, in the bodies 
of persons exhausted by chronic diseases; and its tardy onset and long 
continuance after sudden death from acute diseases. In some cases of 
sudden death from lightning, violent injuries, or paroxysms of passion, 
rigor mortis has been said not to occur at all; but this is not always 
the case. It may, indeed, be doubted whether there is really a complete 
absence of the post-mortem rigidity in any such cases; for the experi- 
ments of Brown-Sequard make it probable that the rigidity may super- 
vene immediately after death, and then pass away with such rapidity aa 

to be scarcely observable. 

« 

Experiments. — Brown-S6quard took five rabbits, and killed them by 
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removing their hearta. In the first, rigidity came on in 10 hOura, and 
Isfitod 192 hours; in the second, which waa feebly electrified, it com- 
mencod in 7 hours, and lasted 144; in the third, which was 'more strOnplv 
electrified, it came on in two, and lasted 7^ hours; in the fourth, which 
wan still more strongly electrified, it came on in one hoar, and lasted 20; 
while, in the last rabbit, which was submitted to a powerfal electro-gal- 
vanic current, the rigidity ensued in seven minutes after death, and 
pnsBod away in 25 minutes. From thi? it appears that the more powerful 
the electric current, the sooner does the rigidity ensue, and the snorter is 
its duration; and as the lightning shock is so much moro jiowerful than 
any ordinary electric discharge, the rigidity may ensue so early after 
.death, and pass away so rapidly as to escape detection. The influence 
eiercised upon the onset and duration of post-mortem rigidity by causes 
which exhaust the irritability of the muscles, waa well illustrated in 
further experiments by the same physiologist, In which he found that the 
rigor mortis ensued far more rapidly, and lasted for a shorter period in 
those muscles which had been powerfully electrified just before death 
than those which had not been thus acted upon. 

The occurrence of rigor mortis ia not prevented by the previous exist- 
ence of paralysis in a part, provided the paralysis has not been attended 
with very imperfect nutrition of the muscular tissue. 

The rigidity affects the involuntary as well as the voluntary muscles, 
whether they be constructed of striped or unstriped fibres. The rigidity 
of involuntary muscles with striped fibres is shewn in the contraction of 
the heart after death. The oontraction of the muscles with unstriped 
fibres is shown by an experiment of Valentin, who found that if a gradu- 
ated tube connected with a portion of intestine taken from a recently- 
killed animal, be filled with water, and tied at the opposite end, the water 
will in a few hours rise to a considerable height in the tube, owing to the 
contraction of the intestinal walls. It is still better shown in the arteries, 
of which all that have muscular coats contract after death, and thus pre- 
sent the roundness and cord-like feel of the arteries of a limb lately 
removed, or thoie of a body recently dead. Subsequently they relax, aa 
do all the other muscles, and feel lux and flabby, and lie us if flattened, 
and with their walls nearly in contact. 

AcnOSS OF THE VoLtTTTART MCSCtES. 

The greater part of the voluntary muscles of the body act aa Bourcea 
of power for removing levers. — the latter consisting of the various bonea 
to which the muscles are attached. 



of the three (inferK of levers in the ffntnnn Body. — AH levers 
have been divided into three kinds, according to the relative position of 
the power, the weij/hl to be removed, and the axig of motion or fulcrum. 
In a lever of t\ni first kind the power is at one extremity of the lever, the 
wti^ht at the other, and the fulcrum between the two. If the initial 
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letters Only of Ihepoieer, weight, and fulcrum be med, the am&gement 
vill stand thus: — ^P.F.W. A poker, as ordinarily used, or the bar id 
Fig. HUB, may be cited as an example of this variety of lerer; while, as an 
instance in which the bones of the human skeleton are used as a lever of 
the same kind, may be mentioned the act of raising the body from the 
stooping posture by means of the hamstring mnsclee attached to the 
tuberosity of the ischium (Fig. iSS). 




In a lever of the second kind, the arrangement is thus: — P.W.P.; and 
this leverage is employed in the act of raising the handles of a vheeU 
barrow, or in stretching an elastic band as in Fig. S8d. In the hnman 
body the act of oi>Gning the mouth by depressing the lower jaw is an 
example of the same kind, — the tension of the niosclea which close the 



jaw representing the weight (Fig. 289). 
In a lever of the third kind f 



I the arrangement is — F.P.W., and the 
act of falsing a pole, as in Fig. 290, is an G:[ample. In the human body 



] 1 I 




there are numerous examples of the employment of this kind of leverage. 
The act of bcncling the forc-ann may be mentioned as an instance (Eig. 
290). The act of biting is another examnlo. 

At the ankle we have exaniples of all three kinds of lever. 1st kind 
— Extending the foot. 3rd kind — Flexing the foot. In both these cases 
the foot represents the weight: the ankle joint the fulcrum, the power 
being the calf muscles in the iirst case, and the tibialis anticna in the 
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secoud caw. 2nd kind— When tbe body ia raised on tip-toe. Here the 
ground is the fulcrum, the weight of the body acting at the ankle joint 
the weight, and the calf muscles the power. 

In the human body, lovers are most frequently need at a disadvantage 
as regards power, the latter being sacrificed for the eake of a greater range 
of motion. Thus in the diagrams of tLe lirsl and third kinds it is evi- 





dent that the power is eo cloee to the fulcrum, that great force must be 
exercised in order to produce motion. It is also evident, however, from 
the same diagrams, that by the closeness of the power to the fulcrum a 
great range of movement can be obtained by means of a comparatively 
slight shortening of the muscular fibres. 

The greater number of the more important muscular actions of the 
human body — those, namely, which are arranged liarmoniously so as to 
subserve some definite purpose or other in the animal economy — are 
described in various parts of this work, in the sections which treat of the 
physiology of the processes by which these muscular actions are resisted 
or carried out. There are, however, one or two very important and some- 
■what complicated muscular acts which may be best described in this place. 

Walking. — In the act of walking, almost every voluntary muscle in 
the body ia brought into play, either directly for purposes of progression, 
or indirectly for the proper balancing of the liead and trunk. The 
muscles of tne arms are least concerned; but even these arc for the most 
part instinctively in action also to some extent. 

Among the chief muscles engaged directly in the act of walking are 
those of the calf, which, by nulling up the heel, puU np also the astraga- 
lus, and with it, of course, the whole body, the weight of which is traus- 
mitt«d through the tibia to this bone (Fig, 291). When starting to walk, 
any with the left leg, this raising of the body is not left entirely to the 
inaBclea of the left calf, but the trunk is thrown forward in such a way 
I that it would fall prostrate were it not that the right foot is brought for- 
B ward and planted on the ground to snpport it. Thus the muscles of the 
B left calf are assisted in their action by those muscles on the front of the 
B trunk and legs which, by their contraction, pull the body forward; and, 
B of coarse, if tho trunk form a slanting line, with the inclination forward, 
H it is plain that when the heel ia raised by the calf-muscles, the whole 
H body will ho raised, and pushed obliquely forward and upward. The 
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acts in taking the first step in walking are represented in Fig;.^ 
291, 1, 2, 3. 

Kow it is evident that by the time tlie body has assnmed the position 
No. 3, it is time tliat the right leg should be brought forward to support 
it and prevent it from falling prostrate. This advance of the other leg 
(in this case the right) is effected partly by its mechanically swinging for- 
ward, pendulum-wise, and partly by muscular action;' the mtiBclca used 
being, — \st, those on the front of the thigh, which bend the thigh for- 
ward on the pelvis, especially the rectus femoris. with the peoas and the 
iliacue; Zndly, the hamstring muscles, which slightly bend the Ug on the 
thigh; and 'Ardly, the muscles on the front of the leg, wliioh raise the 
front of the foot and toes, and so prevent the latter in swinging fOTTrard 
from hitching in the ground. 

The second ptu-t of the act of walking, which has been just deacribed. 
is shown in the diagram (4, Fig. 291). 

Wlien the right foot has reached the ground the action of the left 1^ 
has not ceased. The calf-muscles of tbc latter continue to set, and bffl 
pulling up the heel, throw the body still more forward over the ri^ht l(^ 
now bearing nearly the whole weight, until it is time that in tts tur 
the left leg sliould swing forward, and the left foot be planted on til 
ground to prevent the body from falling prostrate. As at first, while tin 




calf-muscles ot one leg and foot are preparing, so to speak, to push the 
body forward and upward from behind by raising the heel, the muscles on 
the front of the trunk and of the same leg {and of the other leg, except 
when it is swinging forward) are helping the act by pujliiig the legs and 
trunk, BO as to make them incline forward, the rotation in the inclining for- 
ward being effected mainly at the ankle joint. Two main kinds of lever- 
age are, therefore, employed in the act of walidng, and if this idea !», 
firmly grasped, the detail will be understood with comparative ease. C 
kind of leverage employed in walking is essentially the same with tl 
employed in pulling forward the pole, as in Fig. 290. And the othi„, 
less exactly, is that employed in raising the handles of a wheelbarrow. 
Now, supposing the lower end of the pole to be placed in the barrow, we 
should have a very rough and inelegant, but not altogether bad repre- 
sentation of the two mam levers employed in the act of walking. The 
body is pulled forward by the muscles in front, much in the same way that 
the pole might be by the force applied at p (Fig. 290), while the raising 
of the heel and pvslnng forward of the trunk by the calf-muscles is roughly 
represented on raising the handles of the barrow. The manner in which 
these actions are performed alternately by each leg, so that 
other is swung forward to support the trunk, which is 
time pushed and pulled forward by the muacles of the 
gathered from the previous description, 
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There is one more thing to be noticed especially in the act of walking. 
iBaamiich as the body is bdug constantly supported and balanced on each 
leg alternately, and therefore on only one at the same moment, it is eyi- 
dent tliat there must be some provision mode for throwing the centre of 
gravity over the line of support formed by the bones of each leg, as, in its 
turn, it aupporta the weigiit of the body. This may be done in various 
ways, and the manner in which it is effected is one element in the differ- 
ences which exist in the walking of diSercnt people. Thus it may be 
done by an instinctive slight rotation of the pelvis on the head of each 
femur in turn, in such a manner that the centre of grjivity of the body 
shall fall over the font of this aide. Thus when the body is pushed on- 
ward and npward by the raising, say, of the riff/it heel, as in Fig. 291, 3. 
the jKlvis is instinctively by various mtisclea, made to rotate on the head 
of the left femur at the acetabulum, to the left side, 80 that the weight 
may fall over the line of support formed by the left leg at the time that 
the riffbt leg is swinging forward, and leaving all the work of support to 
fail on its fellow. Such a "rocking" movement of the trunk and pelvis. 
however, is accompanied by a movement of the whole trunk and leg over 
the foot which is being planted on the ground (Fig. 292); the action 




being accompanied with a compensatory ontward movement at the hip. 
more easily appreciated by looking at the figure (in which this movement 
is shown exaggerated) than descriocd. 

Thus the bofly in walking is continually rising and swajing allematcly 
from one side to the other, hb its centre of gravity has to be brought alter- 
nately over one or other leg: and the curvatures of the spine are altered 
in correspondence with the varying position of the weight which it haa 
to rapport. The extent to which the body is raised or swayed diSers much 
in different people. • 

In walking, one foot or the other is always on the ground. Tlie act 
of Imping oTJtimpini/, consists in so sudden a raising of the heels by the 
"^ ~~p Wi^ strong contraction of the calf-mnscles, tlut the body is jerked 
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off the ground- At the aame time the effect is much increased by 
beiiiJiDg the thighs on the pelvis, and the legs on the thighs, and then 
suddenly straightening out the angles thus formed. The share which 
this action has in producing the effect may bo easily known by attempt- 
ing to Iea() in the upright posture, with the legs quite straight. 

Rtinmng is performed by a series of rapid low jumps with each leg 
alternately; bo that, during each complete muscular act concerned, there 
is a moment when both feet are off the ground. 

In all theao coses, however, the description of the manner in which 
any given effect is produced, can give but a very imperfect idea of the in- 
finite number of combined and harmoniously arranged muscular contrac-, 
tions which are necessary for even the simplest acta of locomotion. 

Actions of the Involuntary Muscles.— The involuntary mnsclefti 

are for the most part not attiiolicd to bones arninged to act as levers, but. 
enter into tho formation of such hollow parts as require a diminutioii of 
their calibre by muscular action, under particular circumstances. Ex- 
amples of this action are to be found in the intestines, urinary bladder, 
heart and blood-vessels, gall-bladder, gland-ducts, etc. 

The difference in the manner of contraction of the striated and nou- 
striated fibres has been already referred to (p. 30, Vol. II.); and the pecn- 
liar vennicular or peristaltic action of the latter fibres has been described^ 
at p. 3C, Vol. II. 
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SOUBCE OF MuSCUtAU ACTION. 

It was formerly supposed that each act of contraction on the part o2fl 
a muscle was accompanied by a correlative waste or destruction of its owilJ 
substance; and tliut the quantity of the nitrogenous excreta, especially otl 
urea, presumably the expression of this waste, was in exact proportion tO''l 
the amount of muscular work performed. It has been found, however, f 
both that the theory itself is erroneous, and that the supposed facts oqJ 
which it was founded do not exist. 

It is true that In the action of muscles, as of all other parts, there is a 
certain destruction of tissue, or, in other words, a certain "wear andti 
which may he represented by a slight increase in the quantity of ure 
excreted: but it is not the correlative expression or onli/ source of t 
power manifested. The increase in the amount of urea which is excrete^iV 
after muscular exertion is by no means so great as was formerly suppoeedjf" 
indeed, it is very slight. And us there is no reason to believ ethat thfla 
waste of muscle-substance can be expressed, with unimportant exception^] 
in any other way than by an increased excretion of urea, it is evident t 
we must look elsewhere than in destniction of muscle, for the source o 
muscular action. For, it need scarcely be said, all force manifested in tl 
living body must be the correlative expression of force previously latent ii 
the food eaten or the tissue formed; and evidences of force exjtended i 
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the body must be found in the excre/a. If, thereforp, the nitrogefions 
excreta, represented chiefly by ureii, lire not in sufficient quantity to 
account for the work done, we muet look to the non-nitrogenniix excreta aa 
carbonic acid and water, wiiich, presumably, cannot be the expresaion of 
wasted muEcIe- substance. 

The quantity of these non-nitrogenons excreta is undoubtedly increased 
by active mnecular efforts, and to a considerable extent; and whatever 
may be the source of the water, the carbonic acid, at least, is the result 
of chemical action in the system, and especially of the combustion of non- 
nitrogenous food, although, doubtless, of nitrogenous food also. We are, 
therefore, driven to the conclusion, — that the Bubstance of muscles is not 
wasted in proportion to the work they perform; and tliat the non-nitrog- 
enous as well as the nitrogenous foods may, in their combustion, afford 
the requisite conditions for muscular action. The urgent necessity for 
nitrogfnom food, especially after exercise, is probably due more to the 
need of nutrition by the exhansted muscles and other tissues for which, 
of course, nitrogen is essential, than to such food being superior to non- 
nitrogenous substances as a source of muscular power. 

The electrical condition of Nervee is so closely connected with tho 
phenomena of muscular contraction, that it will be convenient to consider 
it in the present chapter. 

El^trical currents in Nerves. — If a piece of nerre be removed from 
the body and subjected to examination in a way similar to that adopted in 
the case of muscle which has b^en described (p. 22, Vol. II. ), electrical cur- 
rents are found to exist which correspond exactly to the natural muscle 
currents, aud which are called natural nerve currents or currents of rest, 
according as one or other theory of their existence be adopted, a« in the 
case with muscle. One point (corresponding to the equator) on the sur- 
face being positive to all other points nearer to the cut ends, and the 
greatest deflection of tlje needle of the galvanometer taking place when 
one electrode is applied to the equator and the other to the centre of either 
cut end. As in tho case of muscle, these nerve-currenta undergo a negative 
variation when the nerve is stimulated, the variation being momentary 
and in the opposite direction to the natural currents: and are similarly 
known as the currents ofndion. The currents of action are propagated 
in both directions from the point of the application of the stimulus, ami 
are of momentary duration. 

Rheoscopic Frog, — The negative variation of the nerve current 
may be demonstrated by means of the following experiment. — The new 
current produced by stimulating the nerve of one nen-e-muscle prepara- 
tion may bo used to stimulate the nerve of a second nerve-muscle prepa- 
ration. The fore-leg of a frog with the nerve going to the gastrocnemius 
cut long is placed upon a glass plate, and arranged in such a way that its 
nerve touches in two places the sciatic nerve, exposed but preserved in 
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ailu in the thigh of the opposite leg. The electrodee froi 
coil sre placed behind the sciatic nerve of the eecond preparation, liigh 
up. On stimulating the nerre with a single indaction shock, the muscles 
tiut only of the same leg are fonnd to undergo a twitch, but also those of 
the first preparation, although this is not near the electrodes, and so the 
i^timalation cannot be due to an escape of the current into the first rmre. 
This experiment is known under the name of tlie r/teoscopic frog. 

Nerve-Stimuli. — Nerre-fibrea retjuire to be stimulated before they 
can manifest any of their properties, since they have no power of them- 
selves of generating force or of originating impulses. The stimuli which 
are capable of exciting nerves to action, are, as in the case of muscle, veiy 
diverse. They are of very similar nature in each case. The mechanical, 
chemical, thermal, and electric stimuli which may be used in the one case 
arc also, with certain differences in the methods employed, efficacious in 
the other. The chemicjU stimuli are chiefly these: withdrawal of water,. 
as by drying, strong solutions of neutral salts of potassium, sodium, etc., . 
free inorganic acids, except phosphoric; some organic acids; ether, chloro- 
form, and bile salts. The electrical stimuli employed are the indnction 
and continoons currents concerning which the observations in reference to 
muscular contraction should be consulted, p. 26, el seq.. Vol. II. Weaker 
electrical stimuli will excite nerve than will excite muscle; the nerve 
stimulus appears to gain strength as it descends, and a weaker stimulus 
applied far from the muscle will have the same eSect as a somewhat 
etronger one applied to the nerve near the muscle. 

It will be only necessary here to add some account of the effect ot 
constant electrical current, such as that obtained from Daniell's batteiy, 
upon a nerve. This effect may be studied with the apparatus deacri! 
before. A pair of electrodes are placed behind the nerve of the nervi 
muscle preparation, with a Du Bois Reymond's key arranged for short^ 
circuiting the battery current, in euch a way that when the key is opened 
the current is sent into the nerve, and when closed the current is cut oft 
It will be found that with a ouiTeiit of moderate strength there will be a 
contraction of the muscle botli at the opening and at the closing of the 
key (called respectively making and breaking contractions), but that 
during the interval between these two events the muscle remains flaccid, 
provided the battery current continues of constant intensity. If the cur- 
rent be a very weak or a very strong one the effect is not quite the somi 
ono or other of the contractions may be absent. Which of these coi 
tractions is absent depends upon another circumstance, viz., the diroction 
of the current. The diroction of the current may be ascending or d»- 
ai;endit>g: if ascending, the anode or jmsitive pole is nearer the muscle 
than the kathode or negative ]io]e, and the current to return to the hat 
tcry Ims to pass up the nerve,— if descending, the position of the electi 
is reversed. It will be necessary before cotftidering this question furtbt 
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to return to the want of apparent effect of the constant current during 
the interval between the make and breuk contraction: to all appearance, 
indeed, no effect is produced at uU, but in reality a very important change 
is brought about iu the nerve by the passage of the current. This may 
be shown in two ways, first of all by the galvanometer. If a piece of 
nerve be taken, and if at either end an arrangement be made to test the 
electrical condition oi the nerve by muiins of a pair of non-polarizable 
electrodes connected with a galvanometer, while to the central portion 
a pair of ulectrodea connected with a Duniell's battery be applied, it will 
be found that the natural nerve-currents are i)rofoundly altered on the 
passage of the constant current {which Is called the polarizing current) 
in the neighborhood. If the polarizing current be in the same direction 
as the latter the natural current is incrcajed, but if in the direction oppo- 
site to it, the natural current is diminished. This change, produced by 
the continual passage of the battery-current through a portion of the 
nerve is to be distinguished from the negative variation of the natural cur- 
rent to which allusion has been already made, and which is a momentary 
change occurring on the sudden application of the stimulus. The con- 
dition produced in a nerve by the passage of a constant current is known 
by the name of eleclrolonus. 

The other way of showing the effect of the same polarizing current is 
b; taking a nerve-muscle preparation and applying to the nenes a })uir 
of electrodes from an induction coil whilst at a pot ut further removed from 
the muscle, electrodes from a DanieH'a battery are arranged with a key 
for short circuiting and an apparatus (reverser) by which the battery cur- 
rent may be reversed in direction. If the exact point be ascertained to 
which the secondary coil should be moved from the primary coil in order 
that a minimum contraction be obtained by the induction shock, and 
the secondary coil be removed slightly further from the primary, the in- 
duction current cannot now produce a contniction; but if the polarizing 
current be sent in a descending direction, that is to say, with the kathode 
iKareet the other electrodes, the induction current, which was before in- 
sufficient, will prove sufficient to cause n contraction; whereby indicating 
that with a descending current the irritability of the nerve is increased. 
By means of a somewhat similar experiment it may be shown that an 
ascending current will diminish the irritability of a nene. Similarly, if 
instead of applying the induction electrodes below the other electrodes they 
are applied between them, like effects are demonstrated, indicating that 
in the neighborhood of the kathode the irritability of the nerve is in- 
creased by a constant current, and in the neighborhood of the anode 
diminished. This increase in irritability is called tntelertrolonvs, and 
nmilsriy the decrease is culled aw-ketrotonu*. As there is between the 
electrodes both an incrousc and a decrease of irritability on the passage of 
Apolariziug current it must be evident that the increase must shade off 
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into the decrease, and that there must be a neutral point where there il 
neitiier increase nor decrease of irritability. The position of thia nentrsl 
point is found to vary with the intensity of the polarizing current; when 
the current is weak the point is nearer the anode, when strong nearer the 
kathode (Fig, 293). When a constant current passes into a nerve, there- 
fore, if a making contraction result, it may be assumed that it is dne to 





,'- 


p^ 




/ 


/ ^ 


A\*- 


y , 


X,,'- 


\ V--. ' 


V 


i \ \ V 


^-'/^ -'-* 






\^ 


^/.''' 
.--''' 



4 



(be effecls of Taiioiu iateiwltim or 



le Intnviue ontl dectvaiie are boUi so 



polsrlElog currents, i 
llh the nei 



polat near a. aiut bo on aa tbe 

the increased irritability produced in the neighborhood of the kathode, 
but the breaking contraction must bo produced by a rise in irritability 
from a lowered state to the normal in the neighborhood of the anode. 
The contractions produced in the muscle of a nerve-muscle preparation 
by a constant current have been arranged in a table which is known as 
Pfliiger's Law of Contractions. It is really only a statement aiS to when 
a contraction may be expected : — 
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Make. 


Break. 


Make. 


Break. 


Weok . . . 
Moderate . . 
Strong . . 


Yes! 
Ye.. 


No. 
Ye.. 
No. 


Ye.. 
Ye.. 
No. 


No. 
Ye.. 
Yes. 



The difficulty in this table is chiefly in the effect of a weak cQrreDt»l 
but the following statement will explain it. The increase of irritabili^-j 
at the kathode is more potent to produce a contraction than the rise it 
irritability from a lower to a normal condition at the anode. With weal^'l 
currents the only effect is a contraction at the make of both OBcendin^l 
and descending currents, the descending current being more potent than J 
the ascending {and with still weaker currents is the only one which pro- J 
duces any effect), since the kathode is near the muscle, whereas in thfrl 
case of the ascending current the stimulus hiie to pass through a distrtotv 
of diminished irritability, which may either act as an entire block, i 
may diminish slightly the contraction which follows. As the pola 
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currcut becomes stronger, recovery from anelectrotonus is able to produce 
a contraction as well as katelectrotonus, and a contraction occurs both 
at the make and the break of the current. The absence of contraction 
with a very strong current at the break of the ascending current may be 
explained by supposing that the region of fall in irritability at the kathode 
blocks the stimulus of the rise in irritability at the anode. 

Thus we have seen tliat two circumstances influence the effect of tlio 
constant current upon a nerve, viz., the strengtli and direction of tlie 
current. It is also necessary that the stimulus should be applied sud- 
denly and not gradually, and that the irritability of the nerve be normal, 
and not increased or diminished. Sometimes (when the nerve is specially 
irritable?) instead of a simple contraction a tetanus occurs at the make 
or break of the constant current. This is especially liable to occur at 
the break of a strong ascending current which has been passing for some 
time into the preparation; this is called Eater's tetanus, and may be 
increased by passing a current in an opposite direction or stopped by 
passing a current in the same direction. 
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CHAPTER XVI. 

THE VOICE AND SPEECH. 

In nearly all air-breathing vertebrate animals there are arrangements 
for the production of sound, or voice, in some parts of the respirator}' 
apparatus. In many animals, the sound admits of being variously modi- 
fied and altered during and after its production; and, in man^ one such 
modification occurring in obedience to dictates of the cerebrum, is speech. 

Mode of Production of the Human Voice. 

It has been proved by observations on living subjects, by means of the 
laryngoscope, as well as by experiments on the larynx taken from the 
dead bodv, that the sound of tlie liuman voice is the result of tlie inferior 
laryngeal ligaments, or true vocal cords (A, cv, Fig. 298) which bound 
the glottisy being thrown into vibration by currents of expired air impelled 
over their edges. Thus, if a free opening exists in the trachea, the sound 
of the voice ceases, but returns if the opening is closed. An opening 
into the air-ptissages above the glottis, on the contrary, does not prevent 
the voice being formed. Injury of the laryngeal nerves supplying the 
muscles which move the vocal cords puts an end to the formation of 
vocal sounds; and when these nerves are divided on both sides, the loss 
of voice is complete. Moreover, by forcing a current of air through the 
larynx in the dead subject, clear vocal sounds are produced, though the 
epiglottis, the upper ligaments of the larynx or false vocal cords, the 
ventricles between them and the inferior ligaments or true vocal cords, 
and the upper part of the arytenoid cartilages, be all removed; provided 
the true vocal cords remain entire, with their points of attachment, and 
bo kept tense and so approximated that the fissure of the glottis may be 
luirrow. 

The vocal ligaments or cords, therefore, may be regarded as the proper 
orpins of the mere voice: the modifications of the voice being effected by 
other i^arts — tongue, teeth, lips, etc., as well as by them. The structure 
of the vtx'al conls is adapt eii to enable them to vibrate like tense mem- 
branes, for they are essentially comj^oseii of elastic tissue: and they are 
so attaohoil to the cjirtilaginous parts of the larvnx that their position 
and tension can bo variously altoreii by the contraction of the muscles 
which act on those pirts. 
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The Larynx. — The larynx, or org&n of voice, conBiats essentially of 
tlio two vocal cords, which are so attached to certain cartilages, and so 
under the control of certain muscles, tha'. they can be mado tho means 
not only of cloaing the aperture of the larynx (rima glottidia), of whirh 
they are the lateral bonndiiries, against the entnmce and exit of air to oi- 
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from the lungs, but also can be stretched or relaxed, shortened or leugtli- 
ened. in accordance with the conditions that may lie neeeesan" for the air 
in passing ovtir them, to set tliem vibrating and produce various sounds. 
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Their action in respiratioD has been already referred to {p. 189, Vol. I.), 
In the present chapter the sound produced by the vibration cf the v 
cords is the onlj part of their function with which we have to deal. 

Anatomy of the Larynx. — The principal parts entering into the tof- 
matioDof the iarjnx (Pigs. 394 and 395) are — ■{() the thyroid cartilage; {e^ 
the cricoid cartilage; (n) the two arytenoid cartilages; and the two tni» 
vocal cords (A, en. Fig. 298). The epiglottis (Fig. 298 e). has but littla 
to do with the voice, and is chiefly useful in falling down as a "lid" over 
the nppor part of the larynx, to help in preventing the entrance of food 
and drink in deglutition. It also guides mucus or other fluids in small 
amount from the mouth around the sides of the upper opening of the 
glottis into the pbarj-nx and ceeophagus: thus preventing them from 
entering the larynx. The false vocal cords {«■«, Fig. 298), and the ven- 
tricle of the larynx, which is a space between the false and the tme cord 
of either side, need be here only referred to. 

Cartilages. — The thjToid cartilage (Fig. 296, 1 to 4) does not form a 
complete ring around the larynx, but only covers the front portion. The 
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cricoid cnitilago (Fig. 296, 5. 6), on the other hand, is a complete om;.^ 
the back part of the ring being much broader than the front. On tha 
top of this broad portion of the cricoid are the arytenoid cartilages ^Pig. 

298 a) the connection between the cricoid below and arytenoid cartilages 
above being a joint with synovial membrane and ligaments, the latter 
jiermitting tolerably free motion between them. But although the 
arytenoid cartilages can move ou the cricoid, they of course accompany 
the latter in all their movements, just as the head may nod or turn oo 
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the top of the spinal column, but must accompaQy it in all its movements 
as a whole. 

Ligaments. — The thyroid cartilage is also connected with the cricoid, 
not only by ligaments, but by two jointB with synovial membrane (t', 
Pigs. 294 and 205); the lower cornua of the thyroid clasping, or nipping, 
as it were, the cricoid between them, but not eo tightly ont that the thy- 
roid can revolve, within a certain range, around an axis passing trans- 
versely through the two joints at which the cricoid is clasped. The vocal 
cords are attached (behind) to the front portion of the base of the arytenoid 
cartilazes, and (in front) to the re-entering angle at the back part of the 
th}Toia; it is evident, therefore, that all movements of either of those 
cartilages must produce an eflect on them of some kinti or other. Inas- 
much, too, as the arytenoid cartilages rest on the top of the back portion 
of the cricoid cartilage («, Fig, 2!i8), and are connected with it by cap- 
sular and other ligaments, all movements of the cricoid cartilage must 
move the ar^'tenoid cartilages, and also produce an effect on the vocal cords. 

Inlrinaic Muicht. — The so-called intrinsic mnscles of the larynx, or 
those which, in their action, have a direct action on the vocal cords, are 
nine in number — four pairs, and a single muBclo; namely, two crico- 
thyroid muscles, two thyro-arytenoid, two ponterior crico-ftrytenoid, two 
lateral crico-arytftioid, and one arytenoid muscle. Their actions are as 
follows: — When the crico-t/iyroid musclea (10, Fig. 397) contract, they 
rotat« the cricoid on the thyroid cartilage in sucn a manner that the 
npper and back part of the former, and of necessity the arytenoid 
cartilages on the top of it, are tipjied backward, while the thyroid is in- 
clined forward: and thus, of oonrse, the vocal cords being attached iu 
iront to one, and behind to the other, are "put on the stretch." 

The t/iyro-arpfeiuiid mnscles (7, Fig. 300) on the other hand, have an 
, opposite action, — pulling the thyroid oackwaTd, and the ari/tvimid and 
upi>er and back part of the cricoid cartilages forward, and thus reloj-ing 
the vocal cords. 

The criro-arytenoidei posticus mnscles (Fig. 299, b) dilate the glottis, 
and separate the vocal cords, the one from the other, by an action on the 
arvtenoid cartilage which will be plain on reference to B' and C", (Fig. 
298). By their contraction they tend to pull together the outer angles 
of the arytenoid cartilages insuc^ a fashion as to rotate the latter at their 
joint with the cricoid, and of course to tlirow asunder their anterior 
angles to which the vocal cords are attached. 

These posterior cri<m-arjtenoid muscles are opjioaed by the crico-aryle- 
naidei laterales, which, pulling in the opposite direction from the other 
side of the axis of rotation, have of course exactly the opposite effect, and 
close the glottis (Fi?. 300, 4 and 5). 

The aperture of the glottis can be also contracted by the nrylenoid 
muBcle («, Fig. 299, und 6. Fig. 300), wblcli, in its cuiitntctioii. pulls 
together the upper parts of the arjlenoid cartilages between which it 
enends. 

Nerve supply. — In the performance of the functions of the larynx the 
Aenaory filaments of the pneumogastric snpply that acute sensibility by 
whioh the glottis is guarded against the ingress of foreign bodies, or of 
irrcspirahle gases. The contact of those stimulates the filaments of the 
superior laryngeal branch of the pneumogastric; and the impression con- 

Xlo the medulla oblongata, whether it produce sensation or not, is 
t«d to the filaments of the recurrent or inferior laryngeal branch. 
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and excites contraction ot the muecles that close the glottis. Both t..,„ ^ 
bmnchcB of pneiimogastric co-operate also in the production and regnla- 
tion of tile voice; the inferior laryngeal determining the contraction of 
the musclee that vary the tension of the vocal cords, and the anperior 
laryngeal conveying to the mind the sensation of the state of these 
muscles necessary for their continuous guidance. And both the branches 
co-operate in the actions of the larynx in the ordinary slight dilatation 
and contraction of the glottis in the acts of expiration und inspiration, 
and more evidently in lliose of coughing and other forcible respiratoiy 
movements. 
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Movements of Vocal Cords. — The placing of the vocal cords in.: 

position parallel one with the other, ia effected by a combined action of 
varions little muscles which act on them— the tbyro-arytenoidei having, 
without much reason, the credit of taking the largest share in the pro- 
duction of this effect. Fig. 298 ie intended to show the various posltioiu 
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of the vocal cord under different circumatancea. Thus, m ordinary tran- 
quil brouthing, the opening of the glottis is wide and triangular (b) 
becoming a little wider at each inepiration, and a little narrower at each 
eipiratioR. On making a rapid and deep inepiration the opening of the 
glottia is widely dilated (aa in o), and Bomewhat lozenge-shaped. At the 
moment of the emission of sound, it is narrowed, the margins of the 
arytenoid cartilages being brought into contact and the edges of the vocal 
cords approximated and made {Hirallel, at tin same time that their tension 
is much increiised. The higher the note produced, the tenser do the 
cords become {Fig. 29S, a); and the mnge of a voice depends, of course. 
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in the main, on the extent to which tlie degree of tension of the vocal 
cords can be thus altered. In the production of a high note, the vncal 
cords ore brought well within sight, so as to bo plainly visible with the 
help of the laryngoscope. In the utterance of grave tone?, on the other 
hand, the epiglottis is depressed and brought over them, and the arytenoid 
cartilages look aa if they were trying to hide themselves nnder it {Fig. 
301i. The epi(/loUifi, by being somewhat pressed down so as to cover the 
mpcrior cavity of the larynx, serves to render the notes deeper in tone, 
and at the same time somewhat duller, just as covering the end of a 
sliort tul)e placetl in front of caontchouc tongnes lowers the tone. In 
no otlier respect does the epiglottis appear to have any effect in modify- 
ing the vocal sounds. 
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The degree of approximation of the vocal coTda also usually coir 
eponds with the heiglit of the note produced; but probably not always, 
the width of the aperture has no essential influence on the height of thi 
note, as long aa the Tocal cords have the same tension: oidy with i 
aperture, the tone is more difficult to produce, and is less perfect, the 
rushing of the air through the aperture being heard at the same time. 

No true vocal sound is produced ut the jwsterior part of the aperture 
of the glottis, that, viz., which is formed by the space between the arj'te- i 
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utteraoce ot a gniTe aaUr. c. eplElottis; ■. lutvrclts uf the eartUii«<« of Sanlorlnf; a. 
tilfligf«; c. hai4eof the tongue; hph, the po(ii4?rwr wall of the phuT&x. i.CEenDalt.J 

noid cartilages. For, as Muller's experiments showed, if the arytenoid! 
cartilages bo a])proximated in such a manner that their anterior procei 
touch each other, but yet leave an opening behind them ae well as ii 
front, no second vocal tone is produced by the passage of the air througli.' 
the posterior opening, but merely a rustling or bubbling sound; and the 
height or pitch of tiie note produced is the same whether the posterior 
part of the glottis be open or not, provided the vocal cords maintain the 
same degree of tension. 



Application of toe Voice is Sinoino and Speaking. 



Varieties of Vocal Sounds.— Tlie notes of the voice thus prodm 
may observe three different kinds of sequence. Tfte first is the monoto-'' 
nous, in which the notes have nearly all the same pitch as in ordinaiy 
speaking; the variety of the sounds of speech being due to articulation in 
the mouth. In speaking, liowever, occasional syllables generally receive a 
higher intonation for the sake of accent. TAe second mode of eequenoB 
is the successive transition from high to low notes, and vice vend, witl 
out intervals; such as is heard in the sounds, which, as espresuons 
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passion, accompaDj crying in men, und in the howling and whining of 
dogs. The third mode of sequence Of the vocal sounds is the musioa), in 
which eiu:h sound has u determinate number of vibrations, iiitd the num- 
bers of the vibrations in the successive sounds have the same relative pro- 
portions that charucterize the notes of the musical scale. 

Compass of the Voice. — lu different individuals this comprehends 
one, two, or three octaves. In singers — that is, in i^rsons apt for sing- 
ing — it extends to two or three octaves. But the mule und female voices 
eommcnce and end at different points of the musical scale. The lowest 
note of the female voice is about an octave higher than the lowest of the 
male voice; the highest note of the female voice about aii octiive higjier 
than the highest of the male. The oomini^s of the male and female 
voices token together, or the entire scale of the human voice, includes 
about four octaves. The principal difference between the raaleand fenmlo 
voice is, therefore, in i\i^\x pilch; but they are alsodistiuguialied hv their 
tone, — the male voice is not so soft. 

Pitch and Timbre. — The voice presents other varieties Ijesides that 
of male and female; there are two kinds of male voice, technically called 
the bass and tenor, and two kinds of female voice, the contralto and 
soprano, all differing from e^ich other in tone. The ha^ voice usually 
reaches lower tlian the tenor, and its strength lies in the low notes: while 
the tenor voice extends higher than the bass. The contralto voioe hue 
generally lower notes than the soprano, and is strongest in the lower 
notes of the female voice; while the soprano voice reaches higher in the 
scale, Dut the difference of compose, and of power in different parte of 
the scale, is not the essential distinction Iratween the different voices; for 
basB singers can sometimes go very high, and the contralto fretjuently 
sings the high notes like soprano singers. The essential difference be- 
tween the bass and tenor voices, and between the contralto and soprano, 
consists in their tone or "timbre," which distinguishes them even when 
they are singing the same note. The qualities of the hantone and mexzo- 
•opniQO voices are less marked; the baritone being in termed intc, bi-tween 
the bass and tenor, the mezzo-soprano between the contralto and soprano. 
They have also a middle ]>oeition as to pitch in the scale of the male and 
female voices. 

The different pitch of the male and the female voices depends on the 
different length of the vocal cords in the two sexes; their relative length 
in men and women being as three to two. The difference of the two 
voices in tone or "timbre," is owing to the different nature and form of the 
resounding walls, which in the male larynx are much more extensive, und 
form a more acute angle anteriorly. The different qualities of the tenor 
and bass, and of the alto and soprano voices, probably depend on eome 
peculiarities of the ligaments, and the membranous and cartilaginous 
parietee of the laryngeal cavity, wliich ore not at present understood, hut 
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of which we may form some idea, by recollecting that musical iiiBtrume] 
made of different mateiials, e.<i., metallic and gnt-etrings, may be tui 
to the same note, but that each will give it with a peculiar tone 
"timbre," 

Varieties of Voices. — The larynx of boys resembles the female 
larynx; their vocal cords before puberty have not two-thirds the length 
which they acquire at that period; and the angle of their thyroid cartilage 
is as little prominent as in the female larynx. Boys' voices are alto and 
soprano, resembling in pitch those of women, but louder, and differing-' 
somewhat from them in tone. But, after the larjnix has undergone tlie 
change produced during the period of development at puberty, the boy^ 
voice becomes bass or tenor. While the change of form is taking plooe, 
the voice is said to "crack;" it becomes imperfect, frequently hoarse and. 
crowing, and is unfitted for singing until the new tones are bronghl 
under command by practice. In eunuchs, who have been deprived 
the tcatoa before puberty, the voice does not undergo this change, 
voice of most old people is deficient in tone, unsteady, and more restrici 
ill extent: the Brst defect is owing to the ossification of the cartilages 
the larynx and the altered condition of the vocal cord; the want of steadfii 
nesB arises from the loss of nervous power and command over the mnsch 
tlie result of which is here, aa in other parts, a tremulous motion. Thi 
two canses combined render the voices of old people void of tone, 
steady, bleating, and weak. 

In any class of persons arranged, as in an orchestra, according to 
character of voices, each would possess, with the general chumcteristit 
of a bass, or tenor, or any other kind of voice, some peculiar character 
which his voice would be recognized from all the rest. The conditiou' 
that determine these distinctions are, however, quite unknown. Thfl|fl 
are probably inherent in the tissues of the larjTix, and are as indiscemibto, 
as the minute differences that characterize men's features; one often o1 
serves, in like manner, hereditary and family pectiliarities of voice, ^] 
well marked as those of the lirahs or face. 

Most persons, particularly men, have the power, if at' all capable of 
singing, of modulating their voices through a double aeries of notes of 
different character: namely, the notes of the natural voice, or chest-notes, 
and th^falsello notes. The natural voice, which alone has been hithertO' 
considered, is fuller, and excites a distinct sensation of much stroii] 
vibration and resonance than the falsetto voice, which has more a finte-lil 
character. The deeper notea of the male voice can he produced only 
with the natural voice, the highest with the falsetto only; the notes of 
middle pitch can be produced either with the natural or falsetto voice; 
the two registers of the voice are therefore not limited in such a manner 
as that one ends when tjie other begins, but they run in part side by sidb. 

Method of the Production of Notes. — The natural or chest-nol 
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arc prociitc'wl by tlie ordinary vibratione of the vocal cords. The modo of 
prwluction of the fiUsutto notes is still obscure. 

By Miiller the falsetto notes were thought to be due to vibrations of 
only the inner borders of the vochI corde. In the opinion of Petre(niin 
anil Diday, they do not resnlt from vibrations of the vocal cords at all, 
but from vibrations of the air passing through the aperture of the glottis, 
which they believe assumcG, at sucli times, the contour of the embouchure 
of a flute. Others (considering some dcgn-e of similarity which exists 
bctwopn the falsetto notes and the peculiar tones culled harmonic, which 
ore produced when, by touching or stopping a harp-string at a particular 
point, only a iwrtion of its length is allowed to vibrate) have supposed 
that, in the falsetto notes, portions of the vocal ligaments are thns iso- 
lated, and made to vibrate while the rest are held still. The ctucstion 
cannot yot be settled; but any one in the habit of singing may assure 
himself, both by the difficulty of passing smoothly from one set of notes 
to the other, and hy the necessity of exercising himself in both registers. 
lest he should become very deficient in one, that there must be some 
groat difference in the modes in which their respective notes are pro<iuoi'd. 

The strength of the voice depends partly on the degree to which the 
vocal cords can be made to vibrate; and partly on the fitness for reso- 
nance of the membranes and cartilages of the larj-nx, of the parietea of the 
thorax, lungs, and cavities of the mouth, nostrils, and communicating 
fiinuses. It is diminished by anything which interferes with such 
capability of vibration. The intensity or loudness of a given note with 
maintenance of the same "pitch," cannot he rendered greater by merely 
increasing the force of the current of air through the glottis; for incretkso 
of the force of the current of air, cateris paribus, raises the pitch both of 
the natural and the falsetto notes. Yot, since a Binger possesses the 
power of increasing the loudness of a note from the faintest "piano" to 
'*fcirtiBBimo" without its pitch being altered, there must he some means 
at compensating the tendency of the vocal cords to emit a higher note 
when the force of the current of air is increased. This means evidently 
consists in miJdifying the tension of the vocal cords. When a note is 
rendered louder and more intense, the vocal cords must he relaxed by 
remission of the muscular action, in proportiou as the force of the current 
of the breath through the glottis is increased. When a note is rendered 
fointer, the reverse of this must occur. 

The archef of tht palate ami the uvula become contracted during the 
formation of the higher notes; but their contraction is the same for a 
not« of given height, whether it he falsetto or not; and in either case the 
RTchee of the palate may be touched with the finger, without the note 
being altered. Their action, therefore, in the production of the higher 
notes seems to be merely the result of involuntar)' associate nervous 
■ction, excited by the voluntarily increased exertion of the muscles of tho 
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larynx. If the palatine arches contribute at all to the production c 
tlie liigher notes of the natural voice and the falsetto, it can only be { 
their increased tension strengthening the resonance. 

The office of the venMcles of the larynx is evidently to afford a frfl 
space for the vibrations of tlie lijia of the glottis; they may be compared'] 
with the cavity at the commencement of the mouth-piece of tmmpeti, J 
which iillowe the free vibration of the lii>a. 



Speech. 

Besides the musical tones formed in the larynx, a great number rf 
other sounds can be produced in the vocal tubes, between the glottis and 
the external apertures of the air-passages, the combination of which sounds 
by the agency of the cerebrum into different groups to designate object^ 
pro|)ertie8, actions, etc., constitutes hngxuige. The languages do not 
employ all the sounds which can ha produced in this manner, the com- 
bination of some with others being often difficult. Those sounds wblci 
are easy of combination enter, for the most part, Into tho 'formation 
the greater number of languages. Each language contains a certi 
number of such sounds, but in no one are all brought together. On 
contrary, different languages are characterized by the prevalence in th( 
of certain classes of these sounds, while others are less frequent or all 
get her absent. 

Articulate Sounds. — The sounds produced in speech, or articulate 
sounds, are commonly divided into voweh and coiifonants: the distinction 
between which is, that the sound* for the former are generated by the 
larj-nx, while those for the latter are produced by interruption of the cur^ 
rent of air in some part of the air-passages above the larynx. The term 
consonant has been given to these because several of them are not 
ei'ly sounded, except consonantly with a vowel. Thus, if it be atteispl 
to pronounce aloud the consonants b, d, and g, or their modifications, 
/. k, the intonation only follows them in their combination with a vowelj 
To recognize the essential properties of the articulate sounds, we mde 
according to Miillcr, first examine them as they are produced in whit 
ing, and then investigate which of them can also be uttered in a modifii 
character conjoined with vocal tone. By this procedure we find two 
series of sounds; in one the sounds are mute, and cannot be uttered with 
a vocal tone; the sounds of the other series can be formed independently 
of voice, but are also capable of being uttered in conjunction with it. 

All the vowels can be expressed in a whisper without vocal tone, ths^j 
is, mutely. These mute vowel-sounds differ, however, in some measure, 
as to their mode of jiroduction, from the consonants. All the mute con- 
sonants are formed in the vocal tube above the glottis, or in the cavity of 
the mouth or nose, by the mere rushing of tho air between the surfaces 
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differently modified in disposition. But tho sound of the vowels, oven 
when muto. has its source in the glottis, though its vocal cords are not 
thrown into the vibrations necessary for tlie production of voice; and the 
sound seenia to be produced by tlie passage of the current of air between 
the relaxefi vocal cords, Tlie same vowel sound can be produced in the 
larynx when tbo mouth is closed, the nostrils Iieing open, and the utter- 
ance of all vocal tone avoideii. This sound, when the mouth is open, is 
so modified by varied forms of the oral cavity, tis to assume the characters 
of the vowels a, e, i. o, u, in all their modi6cations. 

The cavity of the mouth assumes the same form for the articulation 
of each of the mute vowels as for the corresponding vowel when vocal- 
ized; the only difference In the two cases lies in the kind of sound emitted 
by the larynx, Kmntzenstein and Kempelen have pointed out that the 
conditions necessai'y for changing one and the some sound into the differ- 
ent vowels, are differences in the size of two parts — the oral .canal and 
the oral opening; and the same is the case with regard to the mute vowels. 
By oral canal, Kempelen means here the space between the tongue and 
palate: for the pronunciation of certain vowels both the opening of the 
mouth and the space just mentioned aro widened; for the pronunciation 
of other vowels both are contracted; and for others one is wide, the other 
contract^!. Admitting five degrees of size. Iwth of the opening of the 
mouth and of the space between the tongue and palate, Kempelen thus 
states the dimensions of these parts for the following vowel sounds; — 

Vowel. Sound. Size of oral opening. Size of oral cahbL 

« as in "far" 5 . , , 3 

« " "name" 4 , . . 2 



(to " "cool" 1 ... 6 

Another important distinction in articnlate sounds is, that the utter- 
ance of some IS only of momentary duration, taking place during a sud- 
den change in the conformation of tho mouth, and being incapable of 
prolongation by u continued expiration. To this class belong b, p, d. and 
(he hard jr. In the utterance of other consonants the sounds may be 
continuous; they may be prolonged, ad libitum, as long us a particular 
disposition of the mouth and a constant expiration are maintained. 
Among these consonants are A, m, n, f, », r, I. Corresponding differ- 
«QceB in respect to the time that may bo occupied in their utterance exist 
in the Towel sounds, and princijially constitute the differences of long and 
short syllables. Thus the « as in "far" and "fate." tho o as in "go" and 
"fort," may be indefinitely prolonged; but the same vowels (or more 
C properly different vowels exjiressed by the same letters), as in "can" 
I and "tact," in "dog" and "rotten," camiot be prolonged. 
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All soundB of the iirsl or explosive kind are inensceptible of combinft- 
tion with voonl tone ("intonation"), and are abeolutely mute: nearly oil 
the conaonants of the second or continuous kind may be attended witti 
"intonation." 

Ventriloquism. — The peculiarity of speaking, to wbich the term 
ventrilii'/in'sm is applied, appears to consist merely in the varied modifi- 
cation of the Hounds produced in the laryns, in imitation of the modifica- 
tions which voice ordinarily snflers from distance, etc. From the obeer- 
vatioDs of Muller and Oolombat, it seems that the essentia! mechanical 
parts of the process of veutriloqiiism consist in taking a full inspiration, 
then keeping the muscles of the chest and neck fixed, and speaking with 
the month almost closed, and the lips and lower jaw as motionless as 
possible, while air is very slowly expire-! through a very narrow glottis: 
care being taken also, that none of the expired air passes through the 
nose. But, as observed by MuUer. much of the ventriloquist's skill in 
imitating the voices coming from particular directions, consists in deceiv- 
ing other senses than hearing. We never distinguish very readily the 
direction in which sounds reach our car; and, when our attention i$-t 
directed to a particular point, our imagination is very apt to refer to tbifj 
point whatever sounds we may hear. 

Action of the Tongue in Speech. — The tongue, which is usnallj 
credited with the power of speech — language and E|>eech being often 
employed us synonymous terms — plays only ii snbordinatc, although very 
important part. This is well shown by cases in which nearly the whok 
organ has been removed on account of disease. Patients who recoroCE 
from this oi>eration talk imperfectly, and their voice is considerably mi 
ified; bnt the loss of speech is confined to those tetters in the pronatKOft-j 
tion of which Ihe tongue is concerned. 

Stammerins depends on a want of harmony between the action 
the muscles (chiefly ahdominal) which expel air through the larynx, and 
that of the muscles which guard the orifice (rima glottidis) by which it 
escaiwB, and of those (of tongue, palate, etc. ) which modulate the sound 
to the form of speech. 

Over either of the groups of muscles, by itself, a stammerer may have 
as much power as other people. But he cannot liarmoniously arrange 
their conjoint actions. 
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CHAPTER XVII. 

NUTBITION; THE INCOME AKD EXPENDITURE OF THE HfJtAN 
BODV. 

The various pliyeiologiciil processes which occur in the human body 
huve, with the exception of those in tlie nenoua and generative systems, 
which will be considered in Bucceeding chapters, now been dealt with, 
and it will be as well to give in this chapter on llutrition a eummary of 
what has been considered more at length before. 

The subject may be considered under the following heads. (1). The 
Evidence and Amount of Expenditure, (3), The Sources and Amount 
of Income. (3). The Sources and Objects of Expenditure. 

1. Evidence and Amount of Expenditure. — Tlic et'idence of 
Expenditure by the living body is abundantly complete. 

From the table (p. 212, Vol, I.) it wiE be seen how the various amouuio 
of the excreta are calculated. 

From theLunga there is exhaled every 24 hours, 

Of Carbonic Acid, alwut .... 15,000 grains 

" Water 5,000 " 

Traces of organic matter. 

From the Skin— • 

Water 11,500 grains 

Solid and gaseous matter , , , , 'i50 " 

From the Kidneys — 

Water 23,000 grains 

Organic matter 680 " 

Minerals or salines 430 " 

From Ihf IntegHnee — 

Water 2,000 grains 

Various organic and mineral sabstancea , SUO " 

In the account of Expenditure, must be remembered in addition the 
milk (during the period of suckling), and the products of secretion from 
the generative organs (ova, menstrual blood, semen); but, from their 
▼ariable and uncertain amounts, these cannot be reckoned with the pre- 
ceding. 
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Altogether, the Expenditure Of the body represented by the sum o 
these various exeretory producta amounts every 24 hours to — 

Solid and gaseoua matter . . . 17,150 grains (1.113 grma.) 
Water (either fluid or combined with 
the solids and gaseous matter). . 49,500 '" (a,C9o " ) 

The matter thus lost by the body is matter the chemical attractions of 
which have been in great part satisfied; and which remains quite tiselees 
as food, until ita elements have been again se[>arated and re-arranged by 
menibere of the vegetable world (p. 2, Vol. I.). It is especially instructive 
to compare the chemical constitution of the products of expenditore, thus 
separated by the various Excretory organs, with that of the sources of in- ^ 
come to be immediately considered. 

It is evident from these facts that if the hnman body is to maintaiaj 
its size and composition, there must be added to it matter correepondin 
in amount with that which is lost. The income must equal the exp< 
diture. 

2. Sources and Amount of Income. — The Income of the I 
consists partly of FiinU nnd Drink-, and partly of Oxygen. 

Into the stomach there is received daily: — 



Solid (chemically dry) food 
Water (aa water, or variously com- 
bined with solid foot!) 



8,000 grains (530 erma.fl 
. 35,000-40,000 " (2,444 



By the lungs there is absorbed daily: — 

Oxj-gen 13,000 " 844 

The average total daily receipts, in the shape of food, drink and oig 
gen, correspond, therefore, with the average tottl daily expenditure, i 
shown by the following table: 



Income. 
S<jlid food . . 8,000 grains 

Water . . . 37,650 " 
Oxygen . . . 13.000 " 

58,1350 grains 
(about 3,808 grms., or 8^ lb.) 



Expenditure. 
Lungs . . , 20,000 graim 
Skin . . . 11,750 " 
Kidnej's . . . 24,100 
Intestines . . 2,800 

(Generative and mam- 
mary-gland products 
are supposed to be in- 
cluded.) 



58,650 grains 
(About 3,808 grms.) 

These quantities are approximate only. But they may be taken I 
fair averages (or a healthy adult. Tlie absolute identity of the tic 
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numbers (in grairui!) in the two tables is of coarse diagrammatic. No such 
exactitude in the account occurs in any living body, in the course of any 
given twenty-fonr lionrs. But any difference which exists between tlie 
two amounts of income and expenditure at any given period, corresponds 
merely witli the' slight variatious, in the amount of capital (weight of 
body), to which the healthiest subject ia liable. 

The chemical composition of the food (p. 213, Vol.1.) may be profitably 
compared with that of the excreta, as before mentioned. The greater part 
of our food is composed of matter, which contains much potential energy; 
and in the chemical changes (combuetion and other processes), to which 
it is subject in the body, active energy ia manifested. 

3. The Sources and Objects of Expenditure. — The sources of 
necessary waste and expenditure in the living body are various and ex- 
tensive. They may be comprehended onder the following heads: — (1) 
Common wear and tear; such as that to which all stmcturea, living and 
not living, are subjected by exposure and work; but which must be 
es{)ccially large in the soft and easily decaying structures of an animal 
body. 

(i) Ma II t/e flat ions of Force in the form, either of Heat or Motion, In 
the former case (Heat), the combustion must be euflicient to maintain 
8 temperature of about 100" F. (37'8° C.) throughout the whole sub- 
stance of the body, in all varieties of external temperature, notwithstand- 
ing the large amount continually lost in the ways previously enumerated 
(p. 313, Vol. I.). In the case of Motion, there is the expenditure involved 
in (») Ordinary muscular movements, as in Prehension, Mastication. Lo- 
comotion, and numberless other ways: (6) Various involuntary movements, 
KB in liespiration, Circulation, Digestion, etc. 

(3) Maniffjitatiun of Kerve-furce; aa in the general regulation of all 
ph^'siological processes, e.g.. liespiration, Circulation, Digestion; an<l in 
Volition and all other manifestations of cerebral activity. 

(4) W« eneriiy expended in all physiological processes, e.g.. Nutrition, 
Secretion. Growth, and the like. 

The Total expenditure or manifestation of energy by an animal body 
can be measured, with fair accuracy; the terms used being such as are 
employed in connection with other than vital operations. All statements 

, however, must be considered for the present approximate only, and es- 
pecially is this the case with respect to the comparative share of expendi- 
ture to be assigned to the various objects just enumerated. 

The amount of energy daily manifested by the adult human body in 
(n) the maintenance of its temperature; (i) in internal mechanical work, 
as in the movements of the respiratory muscles, the heart, etc.; and ('') in 
external mechanical work, aa in locomotion and all other voluntary move- 
ments, has been reckoned at about 3,400 foot-tons {p. 124, Vol. I.). Of this 
amount only one-tenth is directly expended in internal and external 

1 Vol.. 11—3. 



66 HAND-BOOK OF PHYSIOLOGY. 

mochauiciil work; the remainder being employed in the maintenance of 
the body's hout. The latter amount represents the heat which would be 
roquiivd to raise 48*4 lb. of water from the freezing to the boiling point; 
or if converted into mivhanioal jwwer, it would suffice to raise the body 
of a man weighing about 150 lb. through a vertical height of 8 J miles. 

To the foregoing junounts of exj>enditure must be added the quite un- 
known quantity exjKMideil in the various manifestations of nerve-force, and 
in the work of nutriiion and growth (using these terms in their widest 
sense). By comimriug tlie tunount of energy which should be produced 
in the Ixxly fn^m so muoli fixnl of a given kind, with that which is actu- 
ally manifesteil (as shown by the various products of combustion, in the 
excretions) attempts have lH>en made, indeed, to estimate, by a process of 
exclusion, these unknown quantities: but all such calculations must be at 
present considered only very doubtfully approximate. 

Sources of Error. — Among the sources of error in any such calcu- 
lations must be n.vkont\l. jvs a cliief one. the. at present, entirely unknown 
extent to which forces external to tlie body (mainly heat) can be utilized 
by the tissues. We are tcx) apt to think that tlie heat and light of the sun 
are directly correlateil, as far jis living beings are concerned, with the 
chemico-vital transfomiations involveil in the nutrition and growth of the 
members of the vegetable world only. But animals, although compara- 
tively independent of external heat and other forces, probably utilize 
them, to the degree *.H.*casion offers. And although the correlative manifes- 
tation of enerzy in the bo*.ly, due to external heat and light, may still be 
metksured in s*> far as it may take the form of mechanical work; yet, in 
so far as i: takes the fi-nn of ex{>enditure in nutrition or nerve-force, it is 
evidently imij<ja&ioIe lo include it bv anv methixl of estimation vet dis- 
c<^vered; aixd all accounts of it must be matters of the purest theory. 
These con*ideration5 may help to explain the apj^arent discrepancy be- 
tween the amount of tnerg}' which is capable of being produced by the 
tL&ual dailv amount of t'xA. with that which is actuallv manifested dailv 
by the Wiy; the f'^rmt-r leaving but a small margin for anything beyond 
the maintenance of heat, and mechanical work. 

In the foregoing sketch we have supposed that the excreta are exactly 
replaced by the inge:<ta. 

NrrBO^^iEXors Emuilibriim axd Formatiox of Fat. 

If an aiiimjil, which La.s uiLdergone a starving perioii. be fed up>n a 
diet of lean meat, it ii found that initeatl of the greater j>art of the n::r»> 
gen being store<l uj», ao one would expect, the chief part of it apjwars in 
the urine as urea, and on continuing with the diet the excretetl nirr.^-ies 
approximates more and more cl<^:Iy to the ingested nitrogen until a: last 
the amounts are equal in IhjtAi ca.?*:^. This is called nitnujenon^ e»i\iA' 
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brium. Tliere may, liowever, be at the same time an increuse Of woight 
which ia due to the jiutting on of fat. If this is the case it must bo ap- 
parent that the protoplasm of the tiseues is able to form fat out of proteid 
material and to §plit it up into urea and fat. If fat be given in small 
quantities with the meat, for a time the carbon of the egesta and in- 
gests are equal, but if the fat be increased beyond a certain point the 
body weight increases from a dciio&ition of fat; not, iiowever, by a 
mere mechanical deposition or filtration from the blood, but by lui actual 
act of secretion by the protoplasm whereby the fat globules aru stored 
Dp within itself. In a similar manner as regards carbo-hydnttcs, if they 
are in small quantity, the whole of the carbon appears in the excreta, but 
beyond a certain amount a conaiderable portion of it is retained in fat, 
having been by the protoplasm stored up within itself in that matcnal. 
The amount of proteid material required to produce nitrogenous equi- 
librium is considerable, hut it may be materially diminished by the addition 
of carbo-hydrate or fatty food or of gelatine to the exclusively meat diet. 
It is of much interest to consider how the protoplasm acts in convert- 
ing food into energy and decomposition products, since the substance 
itself does not undergo much change in the process except a slight amount 
of wear and tear. We may assume that it is the projierty of proto])liiflm 
to separate from the bloo<l the materials which may be required to pro- 
duce secretions, in the cose of the protoplasm of secreting glands, or to 
evolve heat and energy, as in the cuso of thi3 protoplasm of muscle. The 
substances are very possibly different for each process, and the decomposi- 
tion products, too, may be different in quality or quantity. Proteid ma- 
t«rials appear to be specially needed, as is shown by the invariable pres- 
ence of nrea in the urine even during stanation; and as in the latter case, 
there has been no food from which these materials could have been derived, 
the urea is considered to be derived from the disintegration of the nitrog- 
enous tissues themselves. The removal of all fat from the body in a star- 
vation period, as the first apparent change, would lead to the supjiosilion 
that fat is also a specially necessary pabulum for the production of proto- 
plasmic energy; and the fact that, as mentioned above, with a diet of 
lean meat an enormous amount appears to be required, suggests that in that 
case protoplasm obtains the fat it needs from the proteid food, which pro- 
oem must be evidently a source of ranch waste of nitrogen. The idea 
that proteid food lias two destinations in the economy, viz., to form organ 
or tiwne proteid which builds up organs and tissues, and circulating pro- 
teid, from which the organs and tiesuea derive the materials of their secre- 
tions or for producing their energy, is a convenient one, as it is unlikely 
that protoplasm woiUd go to the expense of construction simply for the 
sake of immediate destruction. 



CHAPTER XVIIL 

THE NERVOUS SYSTEM. 

Chief Divisions of the Nervous Sjrstem.— The Nervoiu System 
iH)nsi8t8 of two jM>rtion$ or sTstems, the (I.) Cerebro-^nal, and the (IL) 

(L) The (>rYftro></>i#i(i/ system includes the Brain and Spinal cord^ 
with tho uorves pnxvoiUnjr from them. Its fibres are chiefly, bnt not 
o\ohi$iYol\\ distributoil to the skin and other organs of the senses, and to 
tho vt^luntnrv mus^'lc^ 

^ 1 L ^ Tho Sjfm^Htihirtic Nervous system consists of: — (1) A double chain 
of ^u^HhhiuI fibres, which extoutls fn>m the cranium to the pelvis, along 
tv^ch side of the vcrtcbnU ivhimu. and frv^m which branches are distributed 
Ivth to tho vvn>brv^-^pinal system and to other parts of the sympathetic 
sNstcuK \V \th tht^* m54y Iv inchuUxl the small ganglia in connection with 
th\>s<* bmnolu>s of tho tifth c\^i\*bral nerve which are distributed in the 
ttci^iihlvrtusKl vx( the orpins of sjvcial sense: namely, the ophthalmic, otic, 
sy.'iff^.-iM^siU»<f^ auvi .<fv^"<.;rj7v\:r» ganglia, ^"i) Various ganglia and 
vlcvuAv^ of ucrvt'^r*br\\< which give off branches to the thoracic and ab- 
c.v^nr.v.iil ^i<vvra. the chief of >uch pIcAiise* being the Cardiac. Solar, and 
*{>ixv^?<^« /: bu: in :n:imAtc vvnntv:iv^n with these are manr secondanr 
iKi'WXi*:^ as ;b,c sV''r4.\ <v*f*^'rt,::i.\ and ry«t«J. To these plexuses, fibres 
ivtefti f^^ni ;b.c vr^^-Ncrtcbral chain of ganglia, as well as from cerebro-spinal 
*urxvs. 4>^ \ ir^^ns i^anjC'-^a anvl ricxnses in :he snh?tance of manv of 
;>c ^:>kv*a. iiS :n :>c s-.v^.'/;). j^-ycc.rj'j.'ck ano w^fi^tr^ bladder. These, 

%'^v'^ Arv. ^^r :hc nu^: ivtrc. nx:cr\\5cv*c:c. also freelv communicate with 

. . •• 

ccN*" VATCs o: :he s\:nr«*: vc:c s^^tcnt. as wv" *s^ :o some extent, with the 

sV-^^-^.^v^v: \i!. v4^ l^ nviv^., :hc c^n^^^ *^ '^e w^erxDr rvotf of the 

y,, I./ !'>•>. s*r.^ I'-'v* /*Vvss»/-- ■>,/./ --^v 'r/»/{^ * cfciv.i ••/'•r*-<- anccc the semfory root 

'/^v' 7 '/ • • /./' u — . v»dte5serrjkn ia^'^ucc. . are aljso included as svm- 

El^rs^'atJirT Scructunf . r^:^e cr^vc? x-ch ■:f. :he Cerebro-^pinal and 

N'fr.it.X-cx VA^r^vi^ <)^v'i':tK< ijv ,v£ri i*v>?e^l ,*' 4W»> scmctural elements 

•r '• '.^ i:'«.l V .V. V'v xV- >s AT*,' xVi'vccaI t*: T'd^sjes*. and are alwavs min- 

^Lv- *ri.,r\- :r V-^s^. '^ "'^ ?,\*\>>: >i:»,*'> i a^Vccxc ':t oeua*ar and fibrous 

'. V. ■ - \ -c^^ • ; •, ' . r ,\ * ' ^ ; s ^ *rtv\l ji • o • -■•*-, ^. '».•••• . V*ie i ?ces». besaies entering 
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which connect the Tarioiia centres, anU are diatributed in the Beveral paria 
of the body. 

Nerve Fibres, 

Structure, — Each nerve-tnink is composed of a variable nnmbor of 
diffcrent-aized bundlea {funiculi) of nervu-fibrea whioh have a special 
£heatti (perineurium or neurilemma). The funiculi are enclosed in a firm 




.__ ,. — .- .-__ — lof bundlt«(pMnieuJJl 

.._-.. iimlitwtbiKl In a flbrous toppDnlnii capmlc. tpinrurivm. A; «Kh bundle hu mtptvlul 

■bnuh I mil mfBdeiitlj- wnrknd niil frcnn tnc epinruHvm In the Bglirel or prrrnnriiiiii B; Ihti urrvr- 
fllir>«N/u« urtinralBil (pom one uwtber by nuloncanum; L.lTiii|ihsu««»; Ar, BTIer)-; V, vfln; 

Sbrous alicath {fpineiirium); this sheath alao eends in processes of connt^- 
tive tissue wliich connect the bundles together. In the funiculi between 
the fibres in a delicate supporting tissue (the endoneuriwn). 

There are numerous lymph -spaces both beneath the connective tissue 
investing individual nerve- fibres, and alao beneath that which surrounds 
the funiculi. 

Varieties. — In most nerves, two kinds of fibres ore mingled; those 
of one kind being most numerous in, itnd characteristic of, nenes of the 
Cerebro-spiual system; those of the other, most numerous in nerves of the 
Sympathetic system. These are called (a) medullated or white Ebrea, 
and (b) non-medullattd or grey fibres, 

(a) Medullated Fibres. — Each medullated nerve-fibre is made up 
of the following parts: — (1.) Primitive nerve sheath, or nucleated sheath 
of Schwann. (2) Medullary aheath, or white substance of Schwann. 
(3) As is- cylinder, primitive band, axis band, or axial fibre. 

Although these parts can be mode out in nerves examined some time 
after death, in a recent specimen the contents of the sheath appear to bo 
homogeneous. But by degrees they undergo changes which show theui 
to bo composed of two different materiula. The internal or central part. 
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occupying the axis of the tuhe (axig-cph'ttder), becomes greyish, whilft I 
the outer, or cortical portion {wlute stibnia ace of Schwann), becomes opaqna J 
and dimly granQlar or gruraoue, as if from a kind of coagulation. At thb 1 
same time, the fine outline of the previously tronaparent cylindrical tube 
18 exchanged for a dark double contour (Fig. 303, b). the outer line being 
formed by the sheath of the fibre, the Inner by the margin of cnrdled or 
coagulated medulhuy subetance. The gi-anular material shortly coUectB 
into little masses, which distend jKirlioiis of the tubular membrane; while 
the intermediate spaces collapse, giving the fibres a variooee, or beaded 
appearance {Fig. 303, c and d), instead of the preTioua cylindrical iorm. 





I 



A perfectly Fnsh tubule wllh a aiBglf tiark oatUiie. i 
(Tom commeadng po«t-raotKTn chBiigP. c. The diu- 

, , „ „ w beaded appiarwiee, D. A tubule or flbre, Ihe c«itr»l pi 

tn uuiiH«|ur?i](.'e of stJll furtJier cbau^rt^ bas acoumutBled in separate pordona w'~' ' ~ 



rvB-flbrea of KdiiUc i 



1. Node of Rocvier. 



The whole contents of the nerre-tnbules ore extremely soft, for wben Bub« 
jected to pressure they readily pass from one part of the tubular sheatb t 
another, and often cause a bulging at the side of the membrane. ThcfJ 
also readily escape, on pressure, from the extremities of the tubule, in t 
form of a grumous or granular material. 

The nucleated sheath of Schtmnn is a pellucid membrane, forming t 
outer investment of the nerve-fibre. Within this delicate structnrelei 
membrane nuclei are seen at intervals, surrounded by a variable amount' 
of protoplasm. The sheath is stmctureless, like the sarcolemma, and the 
nuclei appear to be within it: together with the protoplasm which snr- 
rounds them, they are the relies of embryonic cells, and from thfir r 
blance to the muscle corpuscles of striated muscle, may be i 
corpuscles. 



from tlipir resem-^^H 
r be termed nemi^^| 
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(•2.) Thp medullnry itheath or while guhstanre of Schwann is tho part 
to which the peculiar white aspect of the cerebro-Bpinsil iierves is princi- 
pally due. It ia a thick, tutty, semi-fluid euhstance, as ve have seen, poe- 
Bcsetiig a donble contour. It is said to be made up of a fine reticulum 
(Stilling, Klein), in the meshes of which is embedded the bright fatty 
material. 

According to M'Carthy, the medullary sheath is composed of email 
rods radiating from the aiie-cy tinder to the eheath of Schwann. Some- 
times the whole spHce ie occupied by these rods, whilst at other times the 
rods appear shortened, and compressed laterally into bundles embedded tn 
some homogeneous substance. 

(3.) The axis-ciflinder eonaista of a large number of primitiTo/inVte. 
This is well shown in the eomoa, where the axis-cylinders of nerves bi-ealt 
np into minute fibrils which go to form terminal networks (see Cornea), 
and also in the spinal cord, where these fibrillte form a large part of tlie 
grey matter. From various considerations such as its 
invariable presence and unbroken continuity in all 
ner.e8, though the primitive sheath or the medullary 
eheath may be absent, there can be little doubt that 
the axis-cylinder is tho conductor of nerve-force, the 
other parts of the ner\'c having the subsidiary function 
of support and possibly of insulation. 

At regular intervals in most meduUated nerves, the 
nucleated aheath of Schwann possesses aiiniUar con- 
strictions (nodes of Raiivier). Al these- points {Figs. 
304. 305), the continuity of the medullary white sub- 
stance is interrupted, and the primitive slieath comes 
into immediate contact with the axis-cylinder. 

Size. — The size of the nerve-fibres varies, and the 
same fibres do not preserve the same diameter through 
their whole length, being largest in their course within 
the trunks and branches of the nerves, in which the 
majority measure from ^-^ to ^jj of an inch in 
diameter. As they approach the brain or spinal cord. itiuiwer"in I'mtdui'- 
and generally also in the tissues in which they are dis- n'lrp-j rmnfainve. 
tribnted, they gradually become smaller. In the grey iiiiniriTup[«i,«iidUie 
or vesicular substance of the brain or spinal conl, they IhillkfneA cijind 
generally do not measure more than from x tlm ^° Reuiiu. xtm ^kmh 
-„^c of an inch. «.aNobte8,a.u,.j 

(b.) Non-Medullated Fibres. — The fibres of the second kind (Fig. 
SOB), which constitute the whole of the branches of the ulftirlnry ami 
auditory nerves, the principal jiart of the trunk and branches of the »ym- 
pathetie rurtvit, and are mingled in various proportions in the cerebro- 
■pitul nervee, differ from the preceding, chiefly in their fineness, being 
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only about } or | as large in their course within the tnmkB and branchei J 
of the nerves; in the absence of the double contour; in their coDtenl 
being apparently unifomi; and in their having, when in bundles, a yc^ 
lowieh grey hue instead of the whiteneas of the cerebro-apiiuil nervet 
Tbest) peculiarities depend on their not possessing the outer layer o 



Fm. SIM.— Qnr. pato. ' 
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mwliillary iipn-e-subetance; their contents being compoeed eiclnsively of 
Uio uiia-cylinder. Yet, since raauy nerve-fibrefi may be found which 
Hlijiear inlermotliate in character between these two kinds, and since the 
liirtfi> flbres, as they approach both their central and their iwripheral end, 
Mrmliiully diminish in size, and assume many of the other characters at ' 
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Course. — Every nerve-fibre in ita course proceeds uninterruptedly 
from its origin in a nerve-centre to near its destination, whether this be 
the periphery of the body, anotBer nervoua centre, or the same centre 
whence it issued. 

Bundles of fibres run together in the nerve-trunk, but merely lie in 
apposition with each other; they do not unite: even when they anus- 
tomofle, there is no union of fibreB, bnt only an interchange of fibres 
between the auastomusiug funiculi. Although each nerve-fibre is thus 
single and undivided through nearly its whole course, yet us it approaches 
ihe region in which it tcrmiuatefi, individual fibres break up into several 




a,lBb)lwo: li,iiiloUim: xlBO. (ESlUkar.) 



enblivisions (Fig. 308) before their final ending. The niedullated nerve- 
fibres, moreover, Jose their medullary sheath before their final distribution, 
and acquire the characters more or less of no n-medu Hated fibres. 

Plexuses. — At certain parts of their course, nerves foi'm pUxunef,. 
in which they anastomose with each other, as in the case of the brachial 
and lumbar plexuses. The objects of such interchange of fibres are, ('(), 
to give to each nerve passing off from the pleius, a wider connection with 
the spinal cord than it would have if it proceeded to its destination with- 
ont such communication with other nerves. Thus, each nerve by the 
widenesB of its connections, is less dependent on the integrity of any single 
portion, whether of nerve-centre or of nerve-trunk, from which it may 
spring, (b) Each part supplied from a plexus has wider relations with 
the nerve-centres, and more eitensive sympathies; and, by means of the 
flame arrangement, groups of muscles may be co-ordinated, every member 
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of the group reoeiving motor fikm«ats from the eame parta of the nerre- 
oentre. (c) Any given part, say a limb, ia less dependent upon tbe int^- 
ritj of any one neire. (d) A pleins is freqnenllv the means by which 
cfHiripetal and eenlrifugal fibres arc conTeniently mingled for di^tribation, 
M in the case of the pnenmogaetric nerve, which receives motor filamentg, 
near its origin, from the spinal accessory. 

Ab mcdaUat«d nerve-fibres approach their terminations they lose their 
roednllary sheath, and conrist then merely of sxie-cylinder and primitive 
«heath. They then lose also the latter, and only the axi&K-ylinder is left, 
with here and there a ner^e-corpuacle partly rolled around it. Finally, 
even this investment cea^s, and the axis-cylinder breaks np into its ele- 
mentary fibrillffi. 

Pebiphebal Xebve Tebhisatioss. 

(a.) Sensory. — (1-) Paeinian Corpufcles. — The Pacinian bodiee or 
corpuscles (Figs. 30it and 310), named after their discoverer Pacini, aro 
little elongated oval bodies, situated on some of the cerebro-spinal and 
sympathetic nerves, especially the cutaneous nerves of the hands and feet; 
and on branches of the large sympathetic plexus about the alxlominal aorta 
(KOlliker). They often occur also on the nerves of the mesentery, and 
are especially well seen in the mesentery of the cat. They have been ob- 
served also in the pancreas, lymphatic glands and thyroid glands, as well 
IIS in the penis of the cat. Each corpuscle is attached by a narrow pedicle 
to the nerve on which it is situated, and is formed of several concentric 
layers of fine membrane, consistiug of a hyaline ground-membrane with 
connective-tissue fibres, each layer being lined by endothelium (Fig. 310>; 
through its pedicle passes a single nerve-fibre, which, after traversing the 
several concentric layers and their immediate spaces, enters a central cavity, 
and, gradually losing its dark border, and becoming smaller, lerminataS' 
at or near the distal end of the cavity, in a knob-like enlargement, or in ttt 
bifurcation. The enlargement commonly found at the end of the fibre,, 
is said by Pacini to resemble a ganglion corpuscle; but this oheervation 
has not been confirmud. In some eases two nerves have been seen entering 
one Pacinian body, and in others a nerre after passing unaltered through 
one, has been observed to terminate in a second Pacinian corpuscle. 
The physiological import of these bodies is still obscure. Closely allied to 
Pacinian corpuscles, except that they are smaller and longer, with a row 
of nuclei around the central termination of the nerve in the core, are 
eoTpufcles of Herbd, which have been found chiefly in the tongues of 
ducks. The capsnles arc nearer together, and toward the centre the en- 
dothelial sheath appears to be absent. 

(2.) End-hnlbx are found in the conjunctiva, in the penis and clitoi 
in the skin, and in tendon; each in composed of a medullated uerve-fil 
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which temiinatea in corpuacles of various shajwa, with a oapaule containing 
ft transparent or striate<l mass, in the centre of which t«rininutes tlie axis- 
cvlinder of the nerve-fibre, the ending of which ia aomewhat clubbeil 
(Fig. 230). 

(3.) Touch corpunchs (Fig. 329) are found in the papillee of the ekin 
or among its epithelium; they may be simple or compound; when simple 
they are large und slightly flattened transjuirent nucleated ganglion oella 





rdieUh. 
ii of tbp tudk. TI 

, __f r into Ihe clear c. 

tBlheuppernut, A l>lonl-i 
BMiiMf ■ iJiwlh which b< I 
X l«a IKIrln 41x1 Noble Smi 



tto. SID. 
F fliiE«r iritb Padnlao corpuacln attiicbHl. iboat (be 

try. Tbi^ Blalk conailW of a nrrvp-Dbre IV] wtlh 
rnparnu ivpRuifi ni EhpPadDfAS corrniM^lf* Biv mnlinuouii with thv 
lDWrm«llarv part ht 



u) KOIUkw>. 



A fiouk-ahapHl ti-nulaaUaii wIlli the end-bitlb 
icm the PaclDlao oorpiiFvW, aihlapproaehvslhi^e 
tioa of the peripheral liaiwuleij iiE the Favlnlau 
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raclosed in a capsule; when compound the capsnle contains several email 
cells. The corpuscles of Orandrv form another variety, and have been 
noticed in the licaks and tongues of birds. They consist of corpusrles oval 
or B]>hericnl, contuned within a delicate nucleated sheath, and containing 
several cells, two or more compressed vertically. The cells are granular 
and transparent, with a nncleus. The nerve enters on one side, and laying 
wide its medullary shciith, terminates in or Ix'tween the cells. 
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(4.) In plexuses, as in the coiiiea, both enb-epithelial and also inti»-l 
epithelial. 

(5.) In cells, as in the salivary glands (p. 228, Vol, I,), and in the special ] 
eense organs. To the latter, further allusion will be made in u fntuie 
chapter. 

(b.) Motory. — (1.) In unsMped muscle, the nerves first of all form 
a plenm, called the ground phxvs (Arnold), corresponding to each group ' 
of muscle bnndles; the plexus is made by the anastomosis of the primitire 
fibrils of the axis-cylinders. From the ground pLxus, branches pass off. 




llle^lh.r 



and again ansatomoBiiig, form plexnses which correspond to each musclffg 
bundle, — intermediary plexuses. From these plexuses branches consisting | 
of primitive fibrils pass in between the individual fibres and anastomose. 
These fibrils either send oS finer branches, or terminate themselves iu tha , J 
nuclei of the muscle cells. 

(2.) In striped muscle the nerves end in the eo-cal!ed "mnlorial eiid 
plates," having first formed, ns in the case of unstriped fibres, groundl 
and intermediary plexuses. The nerves are, however, medullated, 
when a branch of the Jntermediarj' plexus passes to enter a muscle-fibr^ J 
its primitive sheath becomes continnous with the sarcofemma, and thai 
axia-cylinder forms a network of its fibrils on the surface of the fibre. This ' 
network lies embedded in a flattened granular mass containing nnclei of 
several kinds; this is the tiiolorial end-plate {Fig. 312). In batrachia, 
besides end-plates, there is another way in which tlie nerves end in tha , 
muscle-fibres, viz., by rounded extremities, to which oblong i 
attached. 
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Nekte Cells or Corpuscles. 

The venieular nervoua gubstance contains, as its name implies, vesi- 
cles or corpuscles, in addition to fibres; and a structure, thus composed 
of corpuscles and inter-communicating' fibres, constitutes a uerve-centre; 
the chief nerve-centres being the grey matter of the brain and spinal cord, 
and the various ganglia. In the brain and spinal cord a fine stroma of 




neuroglia (p. 34, Vol. I.}, extends thronghont both the fibrons and vesicnlar 
Derroua substance, and forma a supporting and investing framework For 
the whole. 

The nerve-corpiiBcles which give to the ganglia and to certain parts 
of the brain and spinal cord the peculiar greyish or reddish-grey aspect 
by which these parts are characterized, are large, nucleated cells, filled 
with a finely granular materia), some of which is often dark like pigment: 
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the niicletiB coutainiiig a uucleolcg. Besides rarying mncli in shape, part^ 1 
in consequence of mutual presanre, they present sucli other varietieB a 
make it probable either that there are two different kinds, or that, in ths I 
atiigea of their development, they pass through very different forms. Soma \ 
of them are small, generally spherical or ovoid, and liave a regular uninter- 
rupted outline. These simple nerve-corpuscles are most numerDus in the \ 
sympathetic ganglia; each is i>nc-losed in a nucleated sheath. Otiien, i 
which are called caudaU or gtelliitc nfrve-mr- 
pusclen (Fig. 313), are larger, and have one, 
two, or more long processes issning from 
them, the cells heing called respectively uhI- 
polar, bipolar, or multipolar; whieh pro- 
cesses often divide and subdivide, and apjiear 
tubnlar. and filled with the same kind of 
granular material that is contained within the 
corpuacte. Of these processes some appear 
to taper to a point and terminate at a greater 
or less distance from the corpuscle; some ap- 
pear to anastomose with similar offsets from \ 
other corpuscles; while others are continuong J 
with nerve -fibres, the prolongation from the \ 
cell by degrees assuming the chamcters of the i 
nerve-fibre with which it is continuous. 

Uangl ion-cells are each enclosed in a trana- 1 
parent membranous capsule similar in appear- 1 
aneo to the nucleated sheath of Schwann hi J 
ncrve-fibros: within this capsule is a layer o 
small flattened cells. 

which becomes continuous with an 
fibre is always unbranched, as it leaves the cell. It at first has all thi 
characters of an axis-cylinder, but soon acquires a medullar}' sheath, aiu 
then may be termed a nerve-fibre. This continuity of nerve-cells andV 
fibres may be readily traced out in the anterior comua of the grey matter 
of the spinal cord. In many large branched nerve-cells a distinctly fibril- 
lated appearance is observable; the flbritlas are probably conti&aoua with 
those of the axis-cylinder of a nerve. ^m 
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Thb FuNcnoss of Nerve Fibres. ^ 

It will be evident from the account of nervous action previously given 
(p. 45 <it w/.. Vol. II.) that nerve-fibres are stimulated to act by anything 
which increases their irritability, but that they are incapable of originatii 
of themselves the condition necessary for the manifestation of their o' 
functions. When a cerebro-Bpinal nerve-fibre is irritated in the livii 



1 



THU: NERVOUS SYSTEM. 



79 



body, as by pinching, or by beat, or by electrifying it, there ie, under 
ordinary circumstances, one of two effects, — either there is pain, or there 
is twitching of one or more muBclea to which the nerve distributes its 
fibres. From various considerations it ia certain tliat jtain is always the 
result of a change in the nerve-cells of the brain. Therefore, in such 
an exi>eriment as that referred to, the irritation of the ner\'e-fibre seems 
to the experimenter to be conducted in one of two directions, I'.f., either 
to the brain {ceniral termination of tht fibre), when there is piun, or to 
A mtucle (peripheral termination) when there is movement. 




Fts. 114.— Ad boUiAl n-mpatbetlc RanRllon nrll of 
C> B. A. Oui|clUiu-wll. wlUi Ducleiu uid noucleolua. 
^ OlpW from Key uul Hi-uiio. x ~~ 
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The effect of this simple experiment is a type of what always occnrs 
when nerve-fibres are engaged in the performance of their functions. 
The result of stimulating them, which roughly imitates what happens 
naturally in the body, is found to occur at one or other of their ex- 
tremities, central or peripheral, never at both; and in acconiance with 
this fact, and because, for any given nerve-fibre, the result is always the 
same, nerves are commonly classed as sensory or motor. 

It may bo well to state, in order to avoid confusion, that the apparent 

Inction in both directions, which seems to occur when a nerve, aar 

or median, is irritated, depends on the fact tliat both motor ana 

■ fibres are bound up together in the same nerve-trunks — an arrange- 
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ment which, for medium-sized and large nerves, is the rule rather than ] 
the exception. 



Conduction in Nerves. — A nerve when removed from the body wiH 
be found to conduct electrical impressions in either direction equally well, 
and microscopic examination fails to discover the slightest essential differ- 
ence between motor and sensory nerve-fibres. The question, therefore, 
' naturally arises, whether the conduction of a stimulus in the living body, 
in one direction only, is not rather apparent than real, the difference in 
the result being due to the different connections of the two kinds of 
nerve-fibres respectively at their extremities. In other words, when the 
stimulation of a nerve-fibre causes pain, the result is due to its central 
extremity being in connection with structures which alone can give riae 
to the sensation, while its peripheral extremity, although the stimulus is 
equally conducted to it, bos no connection with a structure which can 
respond to the irritation in any manner sensible to the observer. So, 
when motion is the result of it like irritation, it is because the peripherai 
extremity of the nerve-fibre is in connection with muscles which will 
sjioud by contracting, while its central extremity, although equoUyi! 
stimulated, has no means of showing the fact by any evident result. 

That this is the true explanation is made highly probable, not merely 
by the absense of any structural differences in the two kinds of nerve-fibre, 
but also by the fact, proved by direct experiment, that if a centripetal 
nerve (gustatory) be divided, and its central portion he made to unit* with 
the distal portion of a divided motor nervo (hypoglossal) t!ie effect of irri- 
tating the former after the parts have healed, is to excite contraction m 
the muscles supplied by the latter. (Pbilippeaux and Vulpian. ) 

Classification of Nerve-Fibres, — 1. Centripetal, afferent, or, &. 
Centrifugal, afferent, or motor. 3. Iiitercentral. 

Centripetal or afferent, and centrifugal or efferent, are frequently 
ployed in connection with nerve-fibres in lieu of the corresponding tennM 
gensory and motor, because the result of stimulating a nerve of the formi 
kind is not always the production of pain or other form of senaation, 
is motion the invariable result of etimulnting the latter. 

Conduction m centripetal nerves may cause (a) pain, or some other kii 
of sensation; or (fi) reflex action; or (c) inhibition, or restraint of actionij 

Conduction in centrifugal nerves, may cause (a) contraction of mnsol 
(p. 'i5, Vol. II.), (motor nerves); (5) it may influence nutrition (tropl 
nerves); or (c) may influence secretion (secretory nerves). 

The term intercfntral is applieil to those nen'e-fibres which conn< 
more or less distinct nerve-centres, and may, therefore, be said to have 
peripheral distribution, in the ordinary sense of the term. 

It is a law of action in all nerve-fibres, and corresponds with the con- 
tinuity and simplicity of their course, that an impression made on any 
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fibre, ia simply and uninterruptedly tranBmitted along it, without being 
imparted or diffused to any of the fibres lying near it. In other words, 
all uerre-fibrea are mere tonduclors of impressionH. Their adaptation to 
this purpose is, perhaps, due to the contents of each fibre being completely 
isolated from those of adjacent fibres by the membrane or sheath in which 
each is enclosed, and which acta, it may be supposed, just as silk or other 
non-conductors of electricity do, which, when covering a wire, prevent the 
electric condition of the wire from being conducted into tho surrounding 
medium. 

Velocity of Nerve-force. — The change which a stimulus sets ujwn a 
nerve, of the exact tiuture of which we are unacquainted, appcore to travel 
along a nerve-fibre in both directions in the form of a wave. Nervous 
force travels along nerve-fibres with considerable velocity. Helmholtz and 
Baxt have estimated the average rate of conduction in human motor 
nerves at 111 feet (nearly 29 metres) per second; this result agreeing very 
closely with that previously obtained by Hirsch. Rutherford'sobservations 
agree with those of Von Wittich, that the rate of transmission in sensory 
nerves is about 140 fct-t jier second. 

Conduction in Sensory Nerres. — Centripolul nerves appear (p. 
60, Vol. II.) able to convoy impressions only from the parts in which they 
are distributed, toward the nerve-centre from which they arise, or to 
which they tend. Thus, when a sensitive nerve is divided, and irritation is 
applied to the end of the proiima! portion, i.e., of the portion still con- 
nected with the nervous centre, sensation is perceived, or a reflex action 
ensues; hut. when the end of the distal portion of the divided nerve is 
irritated, no effect appeal's. When au impression is made upon any part 
of the course of a sensory nerve, the mind may perceive it as if it were 
mode not only upon the point to which the stimulus is applied, but also 
upon all the points in which the fibres of the irritated nerve are distrib- 
uted: in other words, the effect ia the same aa if the irritation were applied 
to the ports supplied by the branches of the nerve. When the whole 
trunk of the nerve is irritated, the sensation is felt at all the parts which 
receive brandies from it; but when only individual portions of ihe tmnk 
are irritated, the sensation is perceiv&d at those i»arts only whicli are sup- 
plied by the several portions. Tlius, if we compress the ulnar nerve 
where it ties at the inner side of the elbow-joint, behind the internal 
condyle, we have the sensation of "pins and needles," or of a shock, in the 
parts to which its fibres are distributed, namely, in tho ]>alm and back of 
the hand, and in the fifth and ulna half of the fourth finger. When 
stronger pressure is made, the sensations are felt in the fore-arm also; and 
if the mode and direction of the pressure be varied, the sensation is felt 
liy turns in the fourth finger, in the fifth, and in the palm of the hand, or 
in the l)sck of the hand, accordin}; as different fibres or fasciculi of fibres 
are more pressed ujxtn than others. 
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Illualrat-ionx. — It i& in actordance with this law, that when parts are 
deprived of eensibility by conipivBsiou or divifiou of the nerves supplying 
thorn, irritation of the portion of the nerve connected with the brain still 
excites sensations which ai-e felt as if derived from the parts to whieli the 
peripheral extremities of the nerve-fibres are distributed. Thus, there are 
cases of paralyBia in which the limba are totally insensible to external 
stimuli, yet are the seat of most violent pain, resulting apparently from 
irritation of the sound part of the tmnk of the nerve Btill in conneotioii 
with the bruin, or from irritation of those parts of the nervous centre from 
wliich the aensory nerve or nei-ves which supply the paralyzed limbs 
originate. An illustration of the same law is also afforded by the cases in 
which division of a nerve for the cure of neuralgic pain is found useless^ 
and in which the pain continues or returns, though portions of the nerv^ 
be removed. In such cases, the disease is probably seated nearer the 
nervous centre than the part at which the division of the nerve is made, 
or it may be in the nervous centre itself. In the same way may be ex- 
plained the fact, that when part of u. limb has been removed by ampatiition, 
the remaining portions of the nerves may give rise to sensations which the 
mind refers to the lost part. When the stump is healed, the eensatiouB 
which wc are accustomed to have in a sound limb are still felt; md. 
tingling and pains are referred to the parts that are lost, or to particul 
portions of them, as to single toes, to the sole of the foot, to the doret 
of the foot, etc. 

It must not be BBsumed, as it often has been, that the mind has i 
power of discriminating the very point in the length of any nerve-fibre b 
which an irritation is applied. Even in the instances referred to, the mini 
perceives the pressure of a nerve at the i)oint of pressure, as well as in tbl 
Bueming aenaations derived from the extremities of the fibrea: and i 
stumps, pain is felt in the stump, as well as, seemingly, in the parts i 
moved. It is not quite certain whether those sensations are due to coD*| 
duction through the nerve fibres which are on their way to be distribate 
elsewhere, or through the sentient extremities of nerves which are them 
selves distributed to the many trunks of the nerves, the nervi n^nmruM 
The latter is the more probable supposition. 

When, in a part of the body which receives two senaory nerves, oDetO 
paralyzed, the other may or may not be inadequate to maintain the sensi- 
bility of the entire part; the extent to which the sensibility is preserved 
corresponding probably with the number of the fibres unaffected by the 
paralysis. There are instances in which the trunk of the chief a 
nerve supplied to a part having been divided, the sensibility of the ] 
ia still preserved by intercommunicating fibres from a neighboring nerr 

Conduction in the Nerves of Special Sense. — The lawa of c 
duction in the olfnrinry. optic, avditorii, giixtnlorti — resemble in mai 
aspects those of conduction in the nerves of common sensation, just < 
scribed. Thus the effect is always rriitrnl; stimulatinii of the trunk ( 
the nerve pro<luces the same effect as that of its extremities, and if t 
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iiorve be severed, it is the central and not the peripheral extremity which 
responds to irritation, although the sensation is referred to the i>eriphery. 
There are, however, certain poculiaritiea in tlie effect. Thns the varions 
stimuli, which might cause, throngh an ortlinury sensitive nerve, the sense 
tif puin, would, if applied to the optic nerve, cause a sensation as of flashes 
of light; if applied to the olfactory, there would be a sense as of something 
smelt. And ao with the other two. 

Hence the explanation of so-calleil sulyective sensations. Irritation la 
the optic nerve, or the part of the bruin from which it arises, may cause a 
patient to believe he sees flashes of light, and among the commonest 
troubles of the nerves of special sense, is the distressing noise in the heail 
(linvitun auriutn), which depends on some unknown stimulation of tlie 
auditory nerve or centre quite unconnected with cstenial sounds. 

Conduction in Motor Nerves. — Conduction in motor nerves pro- 
Bents a remarkable contrast with the foregoing. Thus — the effect of 
applying a stimulus to the motornerve is always noticeable, at the periph- 
eral extremity, in the contraction of mnscles supplied by it. If a motor 
nerve be severed, irritation of the distal portion causes contraction of 
muscle, but no effect whatever is produced by stimulating that part of 
the nene which is still in direct connection with the nerve-centre. 

Contractions are excited in all the muscle supplied by the bmnchcs 
given off by the nerve below the point irritated, and in those muscles alone: 
the muscles supplied by the branches which come off from the ner\e at a 
higher (mint than that imtated, are not directly excited to contraction. 
And it is from the same fact that, when a motor nerve enters a plexus and 
contributes with other ner\'ea to the formation of a nervous tnink pro- 
ceeding from the plexus, it does not impart motor power to the whole of 
that trunk, but ouly retains it isolated in the fibres which form its cou- 
tioaBtion in the branches of that trunk. 

Functions of Kertb-Cestres. 

The functions of nerve-centres may be classified as follows: — 1. 
Conduction, 'i. Transference. 3. Reflection. 4. Automatism. 5. Aiiff- 
mentaiion. 6. Inhibition. 

1. Conduction. — Conduction in or through nerve-centres may be 
thus simply Illustrated. The food in a given jwrtion of the intestines, 
acting as a stimulus, ]irr>duocs a certain impression on the nerves in the 
mucous membrane, which impression is conveyed through them to the 
adjacent ganglia of the sympathetic. In ordinary cases, the consequence 
of such an impression on the ganglia is the movement by reflex action 
(p. 85. Vol. II.) of the muscular coat of that and the adjacent part of 
the canal. But if irritant substances be mingled with the food, the 
sharper stimulus pnxluces a stronger impression, and this is conducted 
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through the nearest ganglia to others more and more distant; and, from 
all tlieso, reflex motor impulses issuing, excite a wide-extended and more 
f(jrciblo action of the intestines. Or even through the sympathetic 
gaiij^lia, the impression may be further conducted to the ganglia of the 
Hpinal nerves, and through them to the spinal cord, whence may issue 
motor impulses to the abdominal and other muscles, producing cramp. 
Ami yet further, the same morbid impression may be conducted through 
tho spinal oimi to the brain, where it may be/W/. In the opposite direc- 
tion, nioutiil influence may be conducted from the brain through a snc- 
ocssiou of uorA'ous centres — the spinal cord and ganglia, and one or more 
ganglia of the symj^athetic — to produce the influence of the mind on the 
digi'stivo and other organs; altering both the quantity and quality of 
thoir stvrvtions. 

'^. Transference. — It has been previously stated that impressions 
iH>nvoyiHl by any oeiuritvtal nerve-fibre travel uninterruptedly through- 
out its whole length, and aiv no: communicated to adjacent fibres. 

When such ari impr^ss^ion. however, reaches a nerve-centre, it mav 
mvm to Iv ivn;mu::ioau\i to anoiher fbne or fibres: as pain or some other 
kind of sor.5«:icr. n:sy :x^ fo^: in aixar: d:ffeT>entalt<^therfrom that from 
which, ^^ to s:vAk. :ho s::r.::i>.:s s:&r:eiL Tens, in disease of the hip, 
(hort^ may Iv m:r. :r. : "".e k:uv. This apwDeni change of place of a sen- 
iMUion 10 a ivir: :s^ w*-uh i: would no: s^^si properly to belong is termed 
tnu\!ifor^>uvv. 

The trar.iifcr^'r..v of :r::yT\"^:oT:> =::sy Se fJ-stnied by the fact just 
«vfon>\l ;v\— :hc :-*::'. :" :>.«: k::r«c. wr.::h is dk «>:i!imon sign of disease of 
\\w \\\\\ V\ ;>/.s v*As<' :>.i :r.'.yrt^ss::r. "*.s.if :y :be disease on the nerves 

of i)\o lr;*-'o,v.: ;> .vv.M^iv. :: :ht sr-.v-il :•:?.:: :brre i* is t ram* ferred to 

» . » - ■ 

tho *vr.;rHl c".;< or ,v\v.iv:.:v.s :f :>.• r.: rr r-i r-:>e$ which are distributed 
alMM\; ;!'v* N"x\\ V:'7;;:j:>. :>.;>?»: :ht iTi^r-sftrrei impassion is conducted 
to the ' 'a *\ «*..'*., ri-fi rr.v.;: :*:it j^ri^::- t. :•: Th'r rdtr: fnc^m which it 
\»NU;r/.N •/•^\\u'*. ":*\"^* ?/:"?;•< Ttx^::^^^^ :r:yc^'^SN::r:^ ft^is as if the disease 
wwA \\w nvvvw V ■■ voi'v. -^i-^' ." :'r:i tT»:n. At :h»f sasne time that it is 
tiiU^^tcrANK ;>c . • ' ■: 7 .r. v^-^ssc:* -tj^t >•; a^^c .irof^ned to the brain; 
i\\\A \\\ \)\\s y\%i\- ;>o :\<.'\ > :*; .: .r. Vc x ::.*: V.t jcii ^be fcaee. And so, in 
^\h,n,^>»*\ \\^*. c-f ;'\- -^i^v -^r/^* :rri-> iT .Titi^:-- mav lie anted, the 
\M\|\\vwv.,\", V, vrs\v,\A-s^, >v ".,: ,v.T«.i^::s'»,i :: zl*t rxoalii o)>)ongata. is 
<i,«uxtor,>N^ ;>^ ;''.o ,v^\:V ,vr-»,'», :^''Ti> :.:' :':«f iH-rr£s :.f the krmx: and 
n., u, ,^. N-,rv>; A-',v.., .,v jk< " :^;- ifc^* .-^sj^ :: Tiii rc^tn. the iaaer per- 
.. »N»"« \\w \s\\\'.A' V, --vv ,' '.i. '^ .T. :>if ri:»:T3Sw wb5A excites the 
,1.1 oi .NS\<V.r\< x"^ .H4:*^' ' '♦N' r*^-; >c:,T > >jrr-7 -^i? icrooriy on the 

V >'*\:,M> ,N, r.N" v':vv\v. >'*'\h T*.*- :%: Tj-Tnf'^ "^^sasSMi of impres- 
M,.i,N I* *l'o^-. ^ *•» ^ V"- .r^ v»-%>!5sv»T "^.»\' '■;■»' M 1 TifCTfinj centre IS dif- 
^n^s•,^ 1,^ iMH ,x ,.,'•,.. WN';^ r, iW sfcDv ,xt itm,. i»TU> TCAtCPOtft S HW i tiniw ei- 
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t4.'n(ling far beyond the part from which the primary impreseion was 
derived. Hence, aa in the former cases, result various kinds of what have 
been denominated ajmpathelic sensations. Sometimes euch sensations 
are referred to almost every [wrt of the body: as in the shock and ling- 
ling of the skin produced by some startling noise. Sometimes only the 
parts immediately surrounding the point first irritated participate in the 
effects of the irritation; thus the aching of a tooth may he accompunied 
by pain in the adjoining teeth, and in all the surrounding parts of the 
face; the explanation of such a case being, that the irritation conveyed 
to the brain by the nervc-fibrea of the diseased tooth is radiated to the 
central ends of adjoining fibres, and that the mind perceive« this second- 
ary impression as if it were derived from the peripheral ends of the fibres, 
3. Reflection. — In the cases of transference of nerve-force just 
described, it has been said that all that need be assnmed is a communica- 
tion of the excited condition of an afferent ner\'e to other parts of its 
nerve-centre than that from which it takes its origin. In the case of 
rejection, on the other hand, the stimulus having been conveyed to a 
nerve-centre by a centripetal none, is conducted away again by a cen- 
trifugal nerve, and effects some change^motor, secretory or nutritive, at 
the peripheral extremity of the latter — the difference in effect depending 
oil the variety of centrifugal nerve secondarily affected. As in transfer- 
«ii(Y. the reflection may take place from a certain limited set of cen- 
tripetal nerves to a corresponding and related set of centrifugal nerves; 
as when in consequence of the impression of light on the retina, the iris 
contracts, but no other muscle moves. Or the reflection may extend to 
widely different parts: as when an irritation in the larynx brings all the 
mnsclea engaged in expiration into coincident movement. Reflex move- 
menta, occurring qnite independently of sensation, aro generally called 
ezeilo-molor; those which aro guided or accompanied by sensation, but 

inot to the extent of a distinct perception or intellectual process are termed 
Mfimori-molor. 
Laws of Reflex Action.— (i) For the manifestation of every reflex 
action, these things are necessary: (1), one or more perfect centripefnl 
jierve-Bbres, to convey an impression; (3), a nenmns centre for its recep- 
tion, and by which it may be reflected; (3), one or more cenlrifu'jal 
nerve-fibres, along which the impression may be conducted to (4), the 
moscnlar or other tissue by which the effect is manifested (p. SO, Vol. 
II.). In the absence of any one of these conditions, a proper reflex action 
could not take place; and whenever, for example, impressions made by 
external stimuli on sensory nerves give rise to motions, these aro never 
the result of the direct reaction of the sensory and motor fibres of the 
nervea on each other; in all such cases the impression is conveyed by the 
afferent fibres to a nerve-centre, and is therein communicated to the 
motor fibres. 
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(if) All reflex actions are essentially involuntary, though most of them 
tuliuit of being nuxlitieci, controlled, or prevented by a voluntary effort. 

(r) Keflex actions jK^rformed in health have, for the most part, a dis- 
liiict purjH>st\ and are adapted to secure some end desirable for the well- 
hciiig of the IkxIv: but, in disease, many of them are irregular and pur- 
poseless. As an illustration of the first point, may be mentioned move- 
iiu'iits of the digestive canal, the respiratory movements, and the con- 
I met ion of the eyelids ami the pupil to exclude many rays of light, 
when the retina is exj^osed to a bright glare. These and all other normal 
reflex jiets alTonl also examples of the m<.Kle in which the nervous centres 
t'umhiue and arrange co-oriliiuitely the actions of the nerve-fibres, so that 
nuinv muscles mav act together for the common end. Another instance 
of I lie same kind is funiishetl by the sj^asnuxlic contractions of the glottis 
oil the i\>ntact of c-irlvnic acid, or any foreign substance, with the sur- 
fii€»*' of the epigloTiis or larynx. Examples of the purposeless irregular 
luilure of mvrriil rti!ex aotion are sivn in the convulsive movements of 
c^uleivsy. ar.ii :v» ;V.o spasms of tetanus and hydrophobia. 

{tl\ lufli X m:^s-v/iar acts are ofun more sustained than those produced 
h\ tlu' direei s:::r.v/.i;s of !nuM:T;'.:ir r.orves. Tlie irritation of a muscular 

■ 

organ, or its n:o: r r.i-rvo. pr^vlucts o^n: morion lasting only so long as 
the irritation orr.::r.:us: 1 :;: :rr::a::"r. appiii-ii lo a nervous centre through 
oi»e of its eor.:r:;i:;/. r.irvt?. i:.:iv cxiro ri:^;ex and liarmonious contrae- 
tioiis, \Onih las: s* :r.e :iir.e atur :":.v with/irawal of the stimulus (Volk- 
\\u\\\\\\. 

Classification of Reflex Actions. — Re^ex actions mav be classified 
II ri Iollo\v> ^Kr.ss^:— '.. T...>;. ::: w].:/:: >..ih :he ivntri}vtal and cen- 
tnl'uiial t\er\eN iW..\ rr.i*'. ari f-r '--*:;'•. '."; <.•".. lieghn it ion, sneezing, 
roni:hing, av.ii. i:; }^i:hi .1^: •.::!* .. r.v: :::.:'.>, :t:;»:-rs. tj'i]ei>sy. 2. Those 
III whuh \\w viv.:ri;«i:a". v.iTao :> ■?-•''*.-*: ./#7\ ;i!:j The centrifugal is 
>»/'/••./../. , nw^s: ,^f:iv. .\v- . - -. *,\. sivriiiv:! of saliva, or gjistric 
jmn\ M);n1v,v.:: ov ;vi.\r <\ \':x >'s::.. ;^. T';;;«>t in which the centri}>etal 
h. i\e r. ol ;].e > ' •'. >)>:i'.r.. ;ir.., :*; : :-.r-:rlf'agal is certhro^pinaL 

'The n<;iioii;\ o: ;;-..Si :,rt yo:;.i\ .: ■.;•'. ;*s ::: The i:ase of convulsions pro- 
1 1 M • ei 1 I » \ 1 r, t ov: : V. ;i ". \\ v^: ^.r. s. i r ':,}>:::.. :. . ,\* v. vr. :>; oris. 4. Those in which 
hi 1 1 h , T t \ n J p, ; .r, :i V. , ; » v ' \ ;:.:.. i"^i 1 v. ■: *> ; ■> :.r; * f : V. o * ? •»» itnfhef »V svst^m : as, 
\^^^ , \:on|»ie. ;;'.,^ o.^^. v,:v ;i. ;..*■.> v '; .. ".. y-Tisi e ovtTThr secrction of the 
u I J , ■• n n . » 1 1 1 ; ; ; , i V , : . •. s w , \x >. . . . v. v. . : ; : . . ; ':»:;;•;:> con t rai : ve functions and 

KrUttons hotxrccn the Srlmulus aud the Resulting Reflex 
Athoi^ r,i5.i.-. v,:;o\ >' V ^* .;: :'^i r: :.: .-'T. :n-:wei-Ti the resulting reflex 

.t«lii<n :\\u\ Jl'.r v;;n.;....v * :i> <■ ' v\ * .'.rriV V V.r M Pf.UfffT- fiS folloWS: — 

1 , . • . '. '■ A V .^..: .rr!:A:ivn of sensorv nerves 

\ ). i)., i.-.i ,t;,-.j,K ;'-., v.» ;,^-. v.<:>;> . : :. : s.sr.-.'t ni-rion. Thus, if the skin 
xvi ,1 (i,\. 'n ^^^^ Is- j„ k.,s'. . '.. i. c \, / >./.; . ::'i "////r leg is drawn up. 
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2. Laif of ni/mmttricnl rfflection. — A stronger irritation is reflected, 
not only on one side, but also tkloiig the corrospuiiding motor nerves of 
the opposite side. Tbns, if the spinal cord of a man has been severed by 
a eUih in the back, when one foot is tickled bolh legs will be drawn up. 

3. Law of inleimtf/. — In the above case, the oontroctionfi will be more 
violent on the side irritated. 

4. Law of radiation. — If the irritation (afferent impulse) increases, it 
is reflected along the motor nerves which spring from points higher op 
the spinal cord, till at length all the muscles of the body are throvra into 
action. 

Simple and Co-ordinated Reflex Actions. — In the simplest form 
of reflex action a single nerve cell with an afferent and an efferent fibre is 
concerned, but in the majority of actual actions a number of cells ore 
probably concerned, and the impression is as it were distributed among 
them, and they act in concert or co-ordination. This co-ordinating 
power belongs to nerve centres. 

Primary and Secondary or Acquired Reflex Actions.— We 
must carefully distinguish between such reflex actions which may be 
termed ^iriffiary, and those which are s«ro»f/nrv or acquired. As examples 
of the former class we may cite sucking, contraction of the pupil, drawing 
up the legs when the toes are tickled, and many others which are performed 
■B perfectly by the infant as by the adult. 

The largo class of secondary reflex actions consists of acts which re- 
quire for their first performance and many subsequent rejietitions. an 
effort of will, but which by constant repetition arc habitually thuugh not 
necessarily performed, mechanically, i.e., without the inten-ention of con- 
sciousness and volition. As inatances we may take reading, writing, 
walking, etc. 

In endeavoring to conceive how such complicated actions can bo per- 
formeil without consciousness and will, wo must suppose that in the first 
instance the will directs the nerve-force along certain channels causing 
the performance of certain acts, e.g., the various mo^fements of flexion 
and extension involved in walking. After a time, by constant repetition, 
these routes become, to use a metaphor, well worn : there is, as it were, 
a beaten track along which the nerve-force travels with much greater ease 
than formerly: so much so that a slight stimulus, such as the pressure of 
the foot on the ground, is sufficient to start and keep going indefinitely 
the complex reflex actions of walking during entire mental abstraction, 
or even during sleep. In such acts as reading, writing, and the like, 
it would appear as if the will set the necessary reflex machinery going, 
and that the reflex actions go on uninterruptedly until again interfered 
with by the will. 

Without this capacity possessed by the nervous system of "organiting 
c^n^i^iiis actions into more or less unconscious ones," education or training 
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Ill >•«> iiiipiiHsiMi*. A most important jmrt of the process by which 

I.. . II .|iiii<'il ii'ilfx tirtions oome to be performed automatically consists 
I. ,1 ii.il M In iiini ,issoriutioN, If two acts be at first performed voluntarily 
I. ....,;.;!,. II. iiiiii [\\\A smvossion is often re])eated, the performance of 
ii ih^i II 4i i>iuv rnUowod UKvhauically by the second. Instances of 
M. . i.>i. 1^ .•! Iiaint" must Ih' within the daily experience of 6ver}' one. 

i»i ..ni..»' ii 1.4 onl\ sui*h actions as have become entirely reflex that 
..I 'i. ).i iiiuiiioil ilunn^ complete unconsciousness, as in sleep. Cases 

.1 inntiiitiiiii aiv of course familiar to every one, and authentic 

.. .... . no »Mi u^vnl of jvrsous Avriting and even playing the piano 

I .Vu(tiui.itt!«iu. To uorve centres, it isi said, belongs the proj^ertv 
I Mil," «u» \o nujniU*^. as well as of rei-eiving ihem and conducting 

,11 I I , ill I HI.; t lu'iti 

ill. ...HI • V MS employ Cil to indicate the orirination of nenous 

....,...■ . .11 I., \. .»v.::\\«i. ar.il ihoir conduction iht-nrfrom. independently 

. , .. , .,. .w K-y. x»M of :i st;m;;li;s from another ii&rL Ii is impossible, 

. .. .', ,.,, , >ii : »u* **;■ oi'.r kr.ow'ii\^.je, :o say defniicZy what actions in 

. ', ■■ ;s i,« i%»4;:\ \\\ ::v.s mv.si* ;i'.:::r.iu::.-. An example of automatic 

I :\vn :r.:v:i^;} rifirr-:'; :\ ;>.. :hai of ihe respiratory 
. n*svj'.vr.:'.x lv>: i \;*:::: '.«'> .f s*::: r-niAiism are found, 

i' I I t t^i ■•.« \(i«« •>•>••• *'«■•>.. ^.a« >.*C^ k m v^nT^^.-. . WiJfll^C^I Cxla 

m . 

.\\\j;inriitAtion and Inhibition. — Nrrvt" c^Us not only 
X.' .:•'.; .;'.s;s. ;ir..; .V.>; .:. «;rar •."ase? even originate 
. ,\ ;,\ :i'>.- .;.Vi;i';": ; ! iT-.TrAs-inT ibe imrulse. and 
u . . . \\. :»:..l v-':.»t-r. ik ijerve -.-ifnTTe is in 

■ .■ .■..;.. . . : :•. ■.! .:.;r;'j»si-:l :-t d:ii.ii::5'l:ei. ^/#f//*7/^"- 
. , . V, V '.' V V ■ ; -^^: .-. ▼i^-.iTfC' wiT the cvUTre 

>. . :■ : .v.:^; > .>.:-.;. :■"■• :•: beiiir :i.h:b::ed or 
\ , .>■.>>:* V : : .-:.r. >: fxert-*d from The 
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Med of bundles of connective tissue which crosa ut various angles, and 
, whose interstices branched connective-tisBue rorimsclus lie: it is lined 
f a thin elastic membrane, nnd tm the inner mirfucc, and, where it ie not 
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Qierent to the bone, on the outer surface also, is a layer of endothelial 
Di very similar to those found in serous membranes. (3.) The Arach- 
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noid ie & nmcli more duliwtte membrane very fiimilar in t 
dura mater, and lined od its outer or free surface by an endothelial n 
brane. (3.) The Pia Muter consista of two chief layers between which 
numerous blood-vessels ramify. Between the araehnoid and pia niut«r 
is a network of fibroos-tisaue trabecnltB sheathed with endothelial cells: 
these sub-arachnoid trabecule divide up the sub-arachnoid space into a 
number of irregular sinuses. Tiiere are some similar tmbeculK, but 
much fewer in number, traversing the sub-dural space, i.e., the space 
l>etween the dura muter and arachnoid. 

"Pacchionian" bodies are growths from the sub-arachnoid network 
of connective- tissue trabecuhe which project through small holes in the 
inner layers of the dura mater into the Tenous sinuses of that membrsDe. 
The venous sinuses of the dura mater have been injecied from the sub- 
arachnoidal space through the intermediation of these villous ontgrowtbs 
known as ^'Pacchionian bodies." 

The Spinal Cohd and its Nerves. 

The Spinal cord is a cjlindriform column of nerve-substance con- 
nected above with the brain through the medium of the medulla oblon- 
gata, and terminating below, about the lower border of the first lumbar 
vertebra, in a slender filament of grey substance, the ^ him termijmit, 
which lies in the midst of the roots of many nerves forming the canda 
equina. 

Structure. — The cord is composed of white and grey nervous sub- 
stance, of which the former is situated externally, and constitutes its chief 
portion, while the latter occupies its central or axial jiortion, and is bo 
amknged, that on the surface of a transverse section of the cord it appear? 
like two somewhat crescentic masses connected together by a narrower por- 
tion or isthmus (Fig. 318), Passing through the centre of tliis istlunuB 
in a longitudinal direction is a minute canal (central canal), which is 
continued through the whole length of the cord, and opens above into 
the space at tlio back of medulla oblongata and pons Varolii, called the 
fourth ventricle. It is lined by a layer of columnar ciliated epithelium. 

The spinal cord consists of two exactly symmetrical halves separated 
anteriorly and posteriorly by vertical _/f«ci<ws {the posterior fissure beinj 
deeper, but less wide and distinct tlian the anterior), and united i 
middle by nervous matter which is usually described as forming two coa 
missnres — an anterior commissure, in front of the central canal, coneistia 
of raednllated nerve fibres, and a posterior commissure behind the centn 
canal, consisting also of medullated nerve-fibres, but with more neuroglil 
which gives the grey aspect to this eommissure {Fig. 316, b). Each h 
of the spinal cord is marked on the sides (obscnrely at the lower part, 
but distinctly abovf^^ >>» two loDgiCndinal furrows, which divide it into 
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three portions, columns, or tracts, an ntUerior, laltrai, &ndpogterior. From 
the gxuove l>etween the unterior and lateral columns spring the anUriur 
rootf of the spinal nerves (b and c, 6); and just in front of the groove 
bciwten the lateral and posterior column arise the ponterior roots of the 
eanif (h, ^): a pair of roots on each side correepondiug to each vertebra 
(Fig. 317). 

Whili- maffrr. — The white matter of the cortl is made up of medullated 
nervefibres, of various sizes, arranged longitudinally around the cord under 
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[ tiie pia mater and passing in to support the individual fibres in the delicato 
t eonnective tissue or nevroi/Ha made up of a very fine reticulum, with biitli 
EAinall cells almost fillei! up by nuclei and stellate, branching corpuscles. 
Site. — The general rule respecting the si^e of different parts of the 
i appears to be. that ihe size of each part bears a direct proportion 
9 th« size and number of nerve-roots given otf from itself, and has hut 
Htle relation to the size or number of those given off below it, Thns 
^e cord is very largo in the middle and lower ^lart of \u cervical portion, 
arise the large nerve-roots for tlie formation of the brachial plex- 
!• and the supply of the npper extremities, and again enlarges at the low- 
It [MUrt of its dorsal portion and the upper part of its lumbar, at the origins 
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of the Urge nerves which, after forming the iumbar and sacral pTea 
are distributed to the lower extremities. The chief canae of the greats 
size at those parts of the spinal cord is increase in the quantity of grey I 
matter; for there seems reason to believe that the white or fibroue part! 
of the cord becomeH gradually and progressively larger from below upward, \ 
doubtless from the addition of a certain number of upward passing fibrei 
from each pair of nerves 

From careful estimates of the number of nerve fibres in a transverse 
section of the cord toward its upper end, and the number entering it 
by the anterior and posterior roots of each pair of nerves, it has been 
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shown that in the numan spinal cord not more than half of the total num*.i 
her of norve-fihrea entering the cord through all the spinal nerves are con-'j 
tallied in a transverse section near its upper end. It is obvious, therefore 
that at least half of the nerve-Sbres entering it must terminate in the cordi-1 
itself. 

Grei/ mafler, — The grey matter of the cord consists essentially of tt 
estremely delicate network of the primitive flbrillw of axis-cylinders, 
and which are derived from the ramification of multipolar ganglion cells 
of Tery large size, containing large round nuclei with nucleoli. This 
fine plexus is called Gerl-nch's neUvork, and is mingled with the meshes ■ 
of neuroglia, which in some parts ia chiefly fibrillated, in others main] 
granular and punctiform. The neuroglia is prolonged from the i 
into the tip of the posterior comu of grey matter and forms a jelly-like^ 
transparent substance, which when hardened is found to be reticular, and \ 
is called the subt/nntia geTatinom of Rolando. 
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The multiiKiIar cells are either scattered aingly or arranged in groujie, of 
which the following are to bo distinguiehed: — (ft.) In the anterior atrmi. 
The groups found in the anterior comu are generally two — one at the 
Utt^ral iiart near tha lat«ral column, and the other at the tip of the conm 
in the middle line — sometimes, as in the lumbar enlargement, there is a 
third group more posterior. The cells of the anterior group are the 
largest. Into many of these cells the fibres of the anterior motor nerve- 
roots can be distinctly traced, (b.) In the traclm iulermedio-ialiriiliii. 
A group of nerve-cells midway between the anterior and posterior comua, 
near the external surface of the grey matter. It is especially developed 
in the dorsal and also in the upper cervical region, (c.) In the posterior 




venirnlar eolumns at Lockhart Clark. These are found in the posterior 
oomua of grey matter toward the inner surface, extending from the cer- 
vical enlargement to the third lumbar nerve? {Fig. 318, c). (d. ) Smaller 
Mils are BCattercii throughout the grey matter, but are fonnd chiefly at 
the tip (caput comu) of tho posterior comu, in a finely granular luiBis, 
and among the poaterior root fibres (subttanlia gflnlinom cinerea of 
Bolando). 

The nerve-cells arecnnnected hy their processes immediately with tho 
axU-cylinder of the fibres of the anterior or motor nerve-roots: whereas 
Ibe nerre-celle of the {fostorior roots are connected with nerve-fibres, not 
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directly, but only through the intermediation of fierlach's nerve-uotworki 
in which their branching processes lose themselves. 

Spinal Nerves. — The spinal nerves consist of thirty-one pairK, 
issuing from the Eidee of the whole length of the cord, their number corre- 
sponding with the intervertebral foramina through which they pass. 
Each nene arises by two roots, an anterior and posterior, the latter being 
the larger. The roots emerge through sejiiirate apertures of the sheath of 
duramatersuri-oiinding the cord; and directly after their emergenoe, where 
the roots lie in the intervertebnd foramen, a ganglion is found on the ]ios- 
terior root. The anterior root lies in contact with the anterior surface of 
the ganglion, but none of its fibres intermingle with those in the_gaa- 
glion (5, Fig. 316). But immediately beyond the ganglion the two rootf 
coalesce, and by the mingling of their fibres form a compound or mixed 
spinal nerve, which, after issuing from the intervertebral canal, divides 
into an anterior and posterior branch, each containing fibres from both 
the roots (Fig. 316). 

The anterior root of each spinal nerve arises by numerous separate ami 
converging bundles from the anterior column of the cord; the posterior 
root by more numerous parallel bundles, from the posterior column, or, 
rather, from the posterior part of the lateral column {Pig. 318). for if a fis- 
sure be directed inward from the groove between the middle and pos- 
terior columns, tlie posterior roots will remain attaclied to the former. 
The anterior roots of each spinal nerve consist of cfntrifvgal fibres; the 
posterior as exclusively of centripetal fibres. 

Course of the Fibres of the Spinal Nerves. — (a) The Anterior: 
roofi enter the cord in several bundles which may be called: — (1) Inter- 
nal; (2) Middle; (3) External; all being more or less connected with the 
groups of multipolar cells in the iintcrior cornua, 1. The internal fibres 
are partly connected with internal group of nerve cells of anterior coma 
of the same side; but some fibres pass over, through anterior conim 
to end in the anterior cornu of opposite side, probably in internal 
of cells. 2. The middle fibres are partly in connection with the liil 
group of cells in anterior cornu, and in part, pass backward to post«] 
cornu, having uo connection with cells, 3. The external fibres are pari 
in connection with the lateral group of cells in the anterior comu. 
some fibres proceed direct into the lateral column without connection wii 
cells and pass upward in it. 

(b) The Posterior roots enter the posterior cornu in two chief bnndJea,' 
either at the tip, through or round the substantia gelatinosa, or by the 
inner side. The former enter the grey matter at once, and as a nde, turn 
upward or downward for a certain distance and then pass horizontallv, 
some fibres reach the anterior cornua, passing at once horizontally; and 
the others, the opposite side, through the posterior grey commisaure. Of 
those which enter by the inner side of the coniua the majority pass up 
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(or down) in the white siibBtance of the posterior columns, and enter the 
grey matter at various heights at the base of the posterior coma, perhups 
some pass directly upward without enturing the grey matter. Those tluit 
enter the grey mutter psiss iu various directions, some to join tho lateral 
cells in the anterior cornu, some join the cells in the posterior Tesicular 
column, and some pass across to the other side of the cord in the anterior 
commiseure, whilst others become again longitudinal in tho grey matter. 

It should be here mentioned that the celts in the posterior vesicular 
column are connected with mednllatcd fibres which pass horizontally to 
the white matter of the lateral columns and there become longitudinal. 

Covrte of the fibres in the cord. The nerve fibres which form tho 
irhite matter of the cord are nearly all longitudinal fibres. It is. however, 
a matter of great difficulty to trace these fibr^ by mere dissection, and so 
aome other methods must be adopted. One method is based ujion the fact 
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that nerve fibres undergo degeneration when they are cnt off from the 
centre with which they are connected, or when the parts to which they 
mre distributed are removed, as in amputation of a limb; and information 
to the course of the fibres has been obtained by tracing the course of 
these degenerated tracts. The second method consists in obsenHng the 
development of the various tracts; aome have their medullary substance 
later than others, and are to be distinguished by their more grey appear- 
ance. The chief tracts which have been made out are the following: — 
(11 The dirrri pyramidal trart (Fig. 319 d.p.t.), a comparatively small 
portion of the inner jiart of the anterior columns, which is traceable from 
the Anterior pyramids of the medulla to the mid-dorsal region of the spinal 
cord. It consists of the fibres of tho pyramids which do not undergo 
decussation in the medulla. There is reason for believing, however, 
that these fibres of the direct p^TamidaI tract undergo decussation through- 
oat tlioir course, and fibres pass over through the anterior commissure 
to join the lateral pyramidal tract {vide infra); (2> the ('roused pyrn- 
ai trad (Fig. 319, c.p.t.) can be traced from the anterior pyramide 
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of the medulla, and conaiats of fibres whioli dectiesate in the anterior fie- 
eure aud pa^ downward in the lateral colunuis near the posterior c«ma 
of the gi-ey matter to the lower end of the cord; (3) Direct cerebellar 
tract (Fig- 319), which corresponds to the periplieral portion of the pos- 
terior lateral column between the crossed pyramidal tract and the nAp: 
of the cord, can be traced up directly to the cerebellum and down to 
the mid-lumbar region; (4). Posterior vietliuvi columti, or Fatcicuh^ 
of Goll, is found on either side of the posterior commissure, and is trat'e- 
able upward as the fasciculus gracilis of the medulla, tbe fibres are con- 
nected with the cells of the posterior vesieular column. It is tracealiie 
downward to the mid-dorsal region. As regards the remaining part of 
the cord unoccupied by the above tracts little can be said. The portion 
of the posterior column between tlie posterior median column and ilie 
posterior roots of the spinal nerves, known ^fancicultis mnea/us or Bur- 
darh's column, is compOBed of fibres of tlie posterior roots on their way to 
enter the grey substance at different lieiglits. The autero-laleral colnmn 
contains fibres from the anterior coniua of the same as well as of the op- 
posite side. 

Functions of the Spinal Nerves. — The anterior spinal nerve-roots 
are efferent or motor: the posterior are affert^nt or sensory (Sir. C. Bell). 
The fact is proved in various ways. Division of the anterior roots of 
one or more nerves is followed by complete loss of motion in the parts 
supplied by the fibres of such roots; but the sensation of the same parts 
remains perfect. Division of the posterior roots destroys the sensibihty 
of the parts supplied by their fibres, while the power of motion continues 
unimpaired. Moreover, irritation of the ends of the distal portions of the 
divided anterior roots of a nerve excites muscular movements; irritation of 
the ends of tlie proximal portions, which are still in connection of the 
cord, is followed by no appreciable effect. Irritation of the distal portions 
of the divided posterior roots, on the other hand, produces no muscular 
movements and no manifestations of pain; for, as already stated, sensory 
nerves convey impressions only toward the nervous centres: but irritation 
of the proximal portions of these roots elicits signs of intense suffering. 
Occasionally, under this last irritation, muscular movements also ensue; 
hut these are either voluntary, or the result of the irritation being reflected 
from the sensory to the motor fibres. Occasionally, too, irritation of the 
distal ends of divided anterior roots elicits signs of pain, as well as produ- 
cing muscular movements: the pain thus excited is probably the result 
either of cramp or of so-called recurrent sensibility (Browii-S6quard). 

Recurrent Sensibility. — If the anterior root of a spinal nerve be di- 
Tided and the peripheral end be irritated, not only movements of the 
muscles supplied by the nerve lake place, but also of other muscles, in- 
dicative of paiu. It the main trunk of the nerve (after the coalescence of 
the roots beyond the ganglion) be divided, and the anterior root be irri- 
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tated as before, th^ general eigne of pain still remain, although the con- 
traction of the muBclea does not occur. The eigiis of pain ilieajipear when 
thu iioBtcrior root is divided. From these experiments it is believed tlmt 
the Btiiuiilus paaee« down the anterior root to the mixed nervo ami rctuni* 
to the central nenoua syetem through the poatorior root by means of cer- 
tain sensory fibres from tlie posterior root, which loop back into the ante- 
rior root, before conf nuing their conree into the mixed nerve-tnink. 

Functions of the Ganglia on Posterior Roots. — The ganglia act 
as centres for tlie nutrition of the nerves, since wlien the nerves are severed 
from connection witli the ganglia, the parte of the nervee so severed 
degenerate, whilst the parts which remain in connection with them do not. 

FrNCTIONS OP THE SpINAL CORD. 

The power of the spinal cord, us a nerve-centre, may be arranged under 
the heads of (1) Conduction; (2) Tranaference; (3) Reflex action. 

(1) Contlucihn. — The functions of the spinal cord in relation to coti- 
duction may bo best remembered by considering its anatomical connections 
with other parts of the body. From these it is evident that, with the ex- 
ception of some few filaments of the eymjMithetic, there is no way by 
which ncrve-impiiises can bo conveyed from the tmnk and extremities to 
the brain or via rertid, other than that formed by the s]iinal cord. 
Through it, the impresetons made upon the peripheral extremities or otiier 
part4 of the spinal sensory nerves are conducted to the brain, where alono 
they can be perceived. Through it, also, the stimulus of the will, con- 
dncted front the brain, is capalile of exciting the action of the muscles 
supplied from it with motor nerves. And for all these conductions of 
impressions to and fro between the bmin and the spinal nen'cs, the per- 
fect state of the cord is necessary; for when any ]>art of it is destroyed, 
and its communication with the brain is interruptetl, impressions on the 
sensory nenes given oil from it 1h;Iow the seat of injury, cease to be 
propagated to the brain, and the brain loses the power of voluntarily 
exciting the motor nerves proceeding from the jwrtiou of cord isolated 
from it. Illustrations of this are funiished by various examples of paraly- 
sis, but by none better than by the common ])uraplcgia, or loss of sensa- 
tion and voluntary motion In the lower part of the body, in consequence 
of destructive disease or injury of a portion, including the whole thick- 
neM, of the spinal cord. Such lesions destroy the communication l>e- 
twoen the bmin and all parts of the spinal cord below the si-at of injury, 
and consequently cut off from their connection with the brain the various 
organs supplied with nerves issuing from those parts of the cord. 

It is probalile that the conduction of impressions along the cord is 
effected (at least, for the most part) through the grey substance, i.e., 
through the ncrve-eorpusclos and lllamunts connecting them. But all parts 
Vol. U.-7. 
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of the cord are not alike able to conduct all impressions; and as there are 
separate nerve-fibrea for motor and for sensory impressions, so in the cord, 
separate and determiiiale parts serve to conduct always the same kind at 
iinpresaion. 

Experiments {chiefly by Brown-S^quard), point to the foUoving con- 
clusions regarding the conduction of sensory and motor impressions 
through the spinal cord. 

It is important to I>ear in mind that the grei/ matter of the cord, 
though it conducts impresaions giving rise to sensation, appears not to be 
Bensitive when it is directly stimulated. The explanation probably ii, 
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that it possesses no apparatus such as exists at the peripheral terminatioBJ 
of sensory nerves, for the reception of sensory impressions. 

a. Sensory impressions, conveyed to the spinal cord by root-Sbrea t 
the posterior nerves are not conducted to the brain only by the postentff 
columns of the cord, but pass through them in great part iuto the centr 
grey subs tun ce. by which they are transmitted to the brain (pr. Fig. 3309 

li. The impressions thus conveyed to t!ic grey substance do not ] _ 
up io the brain to more than a slight degree, along that half of the cord 
corresponding to the side from which they have been received, but orosa 
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over to the other side almost immediatelj' after entering the cord, and 
along it are transmitted to the brain. Tliere ia thus, in the cord itself, 
an almost complete decUBsation of sensory impre^ions brought to it; so 
liiut division or diseaee of one jwaterior lialf of the cord (3. Fig. 320) Ib 
fullowed by loss of sensation, not in parts on tbe corresponding, but in 
those of the opposite side of the body. From tlie same fact it happens 
that a longitudinal aiitero-posterior section of the c«rd, along its whole 
length, most completely abolishes sensibility on both sides of the body. 

c. The various Bensations of touch, pain, tsmperature, and muscular 
contraction, are probably conducted along separate and distinct sets of 
fibres. All, however, with the exception of the last named, undergo decus- 
sation in the spinal cord. 

d. The posterior columns of the cord appear to havo a great share in 
reflex movements. 

e. Impulses of the will, lading to voluntary contractions of mnscles, 
appear to be transmitted principally along the antero-lateral columns; 
but if a transverse section of this part be made (the grey matter being in- 
tact) although at first no voluntary movements of the part below occur, 
this paralysis is only temporary, indicating that the grey matter may take 
OD the conduction of these impulses. 

/. Decussation of motor impulses ocoura, not in the spinal cord, as is 
tbe case with sensory impressions, but at the anterior part of the medulla 
oblongata (Fig. 321). Hence, motor impulses, having made their decus- 
sation, first enter the cord by the lateral tracts and adjoining grey matter, 
and then pass to the anterior columns and to the grey matter associated 
with them. Accordingly, division of the anterior pyramids, at the point 
of decussation (2. Fig. 320). is followed by paralysis of motion in all parts 
below; while division of the olivary bodies which constitute the true con- 
tinuations of the anterior columns of tbe cord, appears to produce very 
little [Miralygis. Disease or division of any part of the cerebro-spinal axis 
kbove the seat of decussation (1, Fig. 330) is followed, as well-known, 
by impaired or lost power of motion on the opposite side of the body; 
while a like injury inflicted below this part (3, Fig. 320), induces similar 
paralysis on the corresponding side. 

When one half of the. spinal cord is cut through, complete ane^stbesia 
of the other side of the body below the point of section results, but there 
is often greatly increased sensibility (hypenesthesia) on the same sidi-; so 
much so that the least touch appears to be agj>nizing. This condition 
may persist for several days. Similar effects may, in man, be the result 
of injury. Thus, in a patient who had sustained a severe lesion of the 
spinal cord in the cervical region, causing extensive paralysis and loss of 
Hiuation in the lower half of the body, there were two circumscribetl 
araaa, one on each arm, symmetrically placed, in which the gentlest touch 
e pain. 
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In addition to the trausmission of ordinary sensory and motor im- 
pulses, the spinal cord is the medium of conduction also of impiilsee to 
and from tho vaso-molor centre in the medulla oblongata, and probably 
also contains special vaso-motor centres. 

2. Transference. — Examples of tho transference of impressions in 
the cord have been given (p. 84, Vol. II.); and that the tranaference 
takes place in the cord, and not in the brain, is nearly proved by the fre- 
quent ciises of pain felt in the knee and not in the hip, in diseases cd the 
hip; of pain felt in the urethra or ghms penia, and not in the bladder, in 
calculus; for, if both the primary and the secondary or transferred im- 
pression were in the brain, both should be felt. 

3. Reflection, — In man the spinal cord is so much under the contrul 
of the higher nerve-centres, that its oira individual functions in relation 
to reflex action are apt to be overlooked; so that the resiilt of injury, by 
which the cord is cut off completely from tlie influence of the encephaloc. 
is apt to lessen rather than increase our estimate of its importance and 
individual endowments. Thus, when the human spinal cord is divided, 
the lower extremities fall into any position that tlieir weight and the 
resistance of surrounding objects combine to give them; if the body is 
irritated, they do not move toward the irritation; and if they are touched, 
the consequent i-eflex movements are disorderly and purposeless; all power 
of voluntary movement is absolutely abolished. In other mammals, e.ff., 
rabbit or dog. after recovery from the shock of the operation, which tak^ 
some time, reflex actions in the parts below will occur after the epinsl 
cord has been divided, a very feeble irritation being followed by extensive 
and co-ordinate movements. In tiie case of the frog, however, and many 
other cold-blooded animals, in which experimental and other injuries of 
the nerve-tiasucs are better borne, and in which the lower nerve-centres 
are less suljordinate in their action to the higher, the reflei functions of 
the cord arc still more clearly shown. When, for example, a frog's head 
is c«t off, the limbs remain in or assume a natural poaition; they resume 
it when disturbed; and when the abdomen or back is irritated, the feet 
are moved with the manifest purpose of pushing away the irritation. 
The main difference in the cold-blooded animals being that the reflex 
movements arc more definite, comphcated, and effective, although less 
energetic than in the case of mammals. It is as if the mind of the animal 
were- still engaged in the acts; and yet all analogy would lead us to the 
belief that the spinal cord of tho frog has no different endowment, in 
kind, from those which belong to the cord of the higher verlebrata: tho 
difference is only in degree. And if this be granted, it may be assumed 
that, in man and the higher animals, many actions are performed as reflex 
movements occurring through and by means of the spinal cord, although 
the latter cannot by itself initiate or even direct them independently. 

Co-ordinate Movement not a proof of Consciousness. — The 



THE ITEEVODS srSTZJL TUT 

evident adaptation and purpose in the movements of the cold-blooded 
animals, have led some to think that they muBt be conseiouii and capable 
of will withont their brains. But purposive movenieiits ara no proof of 
consciousness or will in the creature manifesting them. The movements 
of the limbs of headless froga arc nut more purposive tban the 
moTements of our own respiratory muscles are; in wliich we know that 
neither will nor coiiaeiousnesa is at all times concerned. It may not, in- 
deed, be assumed that the acta of standing, leaping, and other move- 
ments, which decapitated cold-blooded animals can perform, ore also 
Always, in the entire and hcultby state, performed involuntarily, and 
nnder the sole influence of the cord; but it is probable that such acts 
may bo, and commonly are, so performed, the higher nerve-centres of the 
animal having only the same kind of influence in modifying and direct- 
ing them, that those of man have in modifying and directing the move- 
ments of the respiratory niusclea. 

Inhibition of Reflex Actions. — Tlie fact that such movements as 
are protluced by irritating the skin of the lower extremities in the human 
subject, after division or disorganization of a part of the spinal cord, do 
not follow the same irritation when the mind is active and connected 
with the coi-d through the brain, is. probably, due to the mind ordinarily 
perceiving the irritation and instantly controlling the muscles of the irri- 
tated and other parts; for, even when the cord is )>erfect, such involun- 
tary movements will often follow irritation, if it be applied when the mind 
is wholly occupied. When, for example, one is anxiously thinking, even 
tdight stimuli wiU produce involuntary and reflex movements. So, also, 
during sleep, snch reflex moTementa may be obaerved, when the akin is 
touched or tickled; for example, when one touches with the finger the 
palm of the hand of a sleeping child, the finger is grasped — the impres- 
■ion on the skin of the palm producing a reflex movement of the muscles 
hich close the hand. But when the child is awake, no such cETect is 
produced by a similar touch. 

Further, many reflex actions are capafde of being more or less con- 
trolled or even altogether prevented by the will: tlms im inhibitory action 
nay be exerciaed by the brain over reflex functiona of the cord and the 
other nerve centres. The following may be quoted as familiar examples 
of this inhibitory action: — 

To prevent the reflex action of crying out when in jMiin. it is often 
ifficient firmly to clench the teeth or to grasp some object and hold it 
[tight. Wlien the feet are tickled we can, by an effort of will, prevent the 
nUes action of jerking them up, So. too, the involuntary closing of the 
^ye» and starting, when a blow is aime<l at the head, ctm be similarly 
nstrsined. 

Darwin has mentioned an interesting example of the way in which, 

the other hand, such an instinctive reflex act mav override the 
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Btrongest effort of the will. He placed his face close againet 1 
the cobra's cage in the Reptile House at the Zoological Garden*, and " 
though, of course, thoroughly convinced of hia perfect security, could 
not by any effort of tho will prevent himself from storting buck when 
the snake strnck with fury at the glass. 

It has been found by experiment that in a frog the optic lobes and 
optic thalami have a distinct action in inhibiting or delaying reflex action. 
and also that more generally any afferent stimulus, if sufflciently etrong. 
may inhibit or vwdify any reflex action even in the absence of these 
centres. 

On the whole, therefore, it may, from these and like facte, be con- 
cluded that reflex acts, performed under the influence of the reflecting 
power of the spinal cord, are essentially independent of the brain antl 
may be performed perfectly when tlie brain is separated from the c 
that these include a much larger number of the natural and purpoan 
movements of the lower animals than of the warm-hlooded animals a 
man: and that over nearly all of them tlie mind may exercise, throoj 
the higher nerve centres, some control; determinitiif, directing, Air, 
iiig, or modifying them, either by direct action, or by its power on 
associated muscles. 

To these instances of spinal reflex action, some add yet many more, v. 
eluding nearly all the acts which seem to be performed unconscioualyJ 
such as those of walking, running, writing, and the like: for these a» j 
really involuntary acts. It is true that at their first perfornianeea tliey 
are voluntary, that they require education for their perfection, and are 
at all times so constantly performed in obedience to a mandate of the 
will, that it is diflicult to believe in their essentially involuntary natnre. J 
But the will really has only a controlling power over their i>erforman' 
can hasten or stay them, but it has little or nothing to do with the a 
carrying out of the effect. And this is proved by the circumstance thi 
these act« can be performed with complete mental abstraction: and, mor 
than this, that the endeavor to carry them out entirely by the exerc 
of the will is not only not beneficial, but positively interferes with th« 
harmonious and perfect performance. Any one may convince himself ql 
this fact by trying to take each step as a voluntary act in walking dowi 
stairs, or to form each letter or word in writing by a distinct exercise of" 
the will. 

These actions, however, will be again referred to, when treating of 
their possible connection with the functions of the so-called sensorg gaihm 
glia, p. 115 et seq.. Vol. II. 

Morbid reflex actions. — The relation of the reflex action to the atrengi 
of the stimulus is the same as was shown genendly in the action of p 
glia, a slight stimulus producing a slight (p, 87, Vol, II.) movement, and V 
greater, a greater movement, and bo on; but in instances in which we mm 
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.Hsume tliat the cord is morbidly more irriiabh, i.e., apt to issue more nerv'- 
ooaioroe than isproportioiiiit« to the stimulus applied to it, a slight impres- 
onaeenBory nerve produces extensive reflex movemontB, Thiaappeors 
to be the condition in tetanus, in which a alight touch on the skin may 
throw the whole body into convulsion. A similar state is induced by the 
introduction of strychnia and. in frogs, of opium into the blood; and 
numerous experiments on frogs thus made tetanic, have shown that the 
tetanus lb wholly unconnected with the brain, and depends on the state 
induced in the apiual cord. 

Special Centres in Spinal Cord. — It may seem to have been im- 
plied that tho spinal cord, as a single nerve-centre, rcAects alike from all 
parts all the impressions conducted to it. But it is more probable that 
it should be regarded as a collection of nervous centres united In a con- 
tinuous colnmn. This is made probable by the fact that segments of the 
cord may act as distinct nen'e-centres, and exeite motions in the parts sup- 
plied with nerves given off from them; as well as by the analogy of cer- 
tain cases in which the muscular movements of single organs are under 
the control of certain circnmscribed portions of the cord. Thus, — for 
the governance of the sphincter-muscles concerned in guarding the orifices 
respectively of the rectnm and urinary bladder there are special nerve- 
centres in the lower part of the spinal cord (ano-gpinal and vemco-gpinal 
centres); while the actions of these are temporarily inhibited by stimuli 
which lead to defscation and micturition. So, also, there are centres 
directly concerned in erection of the penis and in tho emission of semen 
{ffeniio-iirinary). The emisfion of semen is a reflex act: the irritation 
of the ^lans penis conducted to the spinal cord, and thence reflected, ex- 
cites the successive and co-onliiiate contractions of the muscular fibres of 
the vasa deferentia and veaiculw seminales, and of the accelerator urins 
and other muscles of the urethra; and a forcible expulsion of semen takes 
place, over which the mind has little or no control, and which, in cases 
of paraplegia, may be unfelt. T/ie erection of the penis, also, as alreaily 
explained (p. 169, Vol. I. ), apjicars to be in part the result of a reflex con- 
traction of the muscles by which the veins returning the blood from the 
penis are compressed. The involuntary action of the uterus in expelling 
its contenln during parturition, is also of a purely reflex kind, dependent 
in part upon the spinal cord, though in part also upon the sympathetic 
syBtem: its independence of the brain being proved by cases of delivon,- in 
paraplegic women, and also by the fact that delivery can take placo whilst 
the patient is under the influence of chloroform. But all these spinal 
nerve-centres are intimately connected, both structurally and physi- 
ologically, one with another, as well as with those higher encephalic 
centres, without whose guiding influence their actions may l>econie dis- 
orderly and purposeless, or altogether abrogute<l. 

OuUrt for Movements of Lymphatic Hearts of Frog, — Volknunn 
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hiia eliown that the rhythmical movementB of the anterior pair of 
lyinpliatic hearts in the frog depend npon nervous influence derived from 
tlie portion of epinal cord coiTesponding to the third vertebra, and tlioee 
of the posterior pair on influence supplied by the portion of cord opposite 
the eiglith vertebra. The movenieuta of the heart continue, tliough the 
whole of the cord, except the above portions, be destroyed; but on the 
instant of destroying either of these portions, though all the rest of the 
cord be untouched, the movements of the coiTeajKinding hearts cease. 
What appears to be thus proved in regard to two portions of the cord, 
may be inferred to prevail in other portions also; and the inference is 
reconcilable with most of the facta known concerning the physiology and 
comparative anatomy of the cord. 

Tone of Muscles. — The influence of the spinal cord on the sphinc- 
ter ani (centre for defacalion) has boon already mentioned (see above). 
It maintains this muscle in permanent contraction, bo that, except in' 
the act of defiecation, the orifice of the anus is always closed, Thii' 
influence of the cord resembles its common reflex action in being involun- 
tary, although the will can act on the muscle to make it contract mor^ 
or may inhibit the action of the ano-spinal centre so aa to jrerrait ita dila- 
tation. The condition of the sphincter ani, however, is not altogether 
exceptional. It is the same in kind, though it exceeds in degree th^ 
condition of muscles which has been called tone, or passive contraction; 
a state in which they always when not active appear to be during health, 
and in which, though called inactive, they are in slight contraction, and 
certainly are not relaxed, as they are long after death, or when the spinal 
cord is destroyed. This tone of all the muscles of the trunk and limbs 
depends on the spinal cord, as the contraction of the sphincter ani does. 
If an animal be killed by injury or removal of the brain the tone of iha 
muscles may be felt and the limbs feel firm as during sleep; but if the 
spinal cord be destroyed, the sphincter ani relaxes, and all the moscles 
feel lo083, and flabby, and atonic, and remain so till rigor mortis com- 
mences. This kind of tone must be distinguished from that mere firm- 
ness and tension which it is customary to ascribe, under the name of /ona^l 
to all tissues that feel robust and not flabby, as well as to muscles, Tl 
tone peculiar to muscles has in it a degree of vital contraction: that 
other tissues is only due to their being well nourished, and therefore com' 
pact and tense. 

All the foregoing examples illustrate the fact that the spinal cord is 
collection of reflex centres, upon which the higher centres act by sendi] 
down impulses to set in motion, to modify or to control them; 
movements or other phenomena of reflection being as it were the functioa< 
of the ganglion cells to set in action, after an afferent impression has been 
conveyed to them by the posterior nerve-trunks in connection with them. 
The extent of the resulting movement depends upon the strength of the 
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BtimuluB, the position at whit-h it was applied as well na upon the cmiilt- 
tion of the nerve cells; the connection between the cells being bo intimate 
that a series of co-ordinated movements may result from a single stimula- 
tion, first of nil affecting one cell. Whether the cells jwsseaa as well the 
power of originating impulses (automatism) is doubtful, but this is poa- 
eible In the case of vaso-molor centres which are situated in the cord (p. 
154, Vol. I.), and of swenttn'j centres which must Ijc closely related to 
them, and possibly in the case of the centres for maintaining the lone of 
muscles. 



The Medulla Oblonrata. 

The medulla oblongata (Figs. 321. 322), is a column ot grey and white 
nervous substance formed by the prolongation upward of the spinal cord 
and Gonneoting it with the brain. 
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Structure. — The grey substance which it contains is situated in the 
interior, and variously divided into mufises and laminie by the white or 
fibrous substance which is arranged partly in eilemal columns, and partly 
nXucioali traversing the central grey matter. The medulla oblongata 
r than any part of the spinal cord. Its columns ore pyriform, 
B they proceed toward the brain, and are continuous with thoee 
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of the spinal cord. Each half of the medulla, therefore, may be divided. I 
into three columns or tracts of fibres, continuous with the three tracts ot I 
which each half of the spinal cord is made up. The columnB are mors 1 
prominent than those of the spinal cord, and separated f roui each other I 
by deeper grooves. The ani&rior, continuous with the anterior oolumna I 
of the cord, are called the auterior pyratnidf; the poslerior. continuouf I 
with tJie iKJsterior columns of tlie cord, and comprising the funiculus c 
atna, and the funiculns of Rolando (Fig. B'i3,f.€.,/.Ji,), are called thvl 
restifonn bodies. On the outer side of the anterior pyramids of each T 
side, near its upper part, is a small oval mass containing grey matter, J 
and named the olivary body; and at the posterior part of the restiform 1 
column, immediately on each side of the posterior median groove, con- j 
tinuous with the posterior median column of the cord, a small trart is I 
marked off by a, slight groove from the remainder of the restiform body, 
and f:a.\\eA Vhe ptisleriiir pyramid OT fasciculus gracilis. The restiform 
columns, instead of remaining parallel with each other throughout the 
whole length of the medulla oblongata, diverge near its upper part, and i 
by thus diverging, lay open, so to speak, a space called the fourth v 
tricle, the floor of which is formed by the grey matter of the interior of I 
the medulla, by this divergence exposed. 

On sepurating the anterior pjTamids, and looking into the groove I 
between them, some decuasatiug fibres of the lateral colnmnfi of the cord J 
can be plainly seen. 

DiSTRIBCTION OF THE FIBRES OF THE MEDULLA OBLONGATA. 



The anterior pyramid of each aide, although mainly composed of con- I 
tinuations of the hbi-es of the anterior columns of the spinal cord, receives! 
fibres from the lateral columns, both of its own and the opposite aide; thaa 
latter fibres forming almost entirely the decussating strands which sr^ 
seen in the groove between the anterior pyramids. Thus composed, thtfl 
anterior pjTamidal fibres proceeding onward to the brain are distribute 
in the following manner: — 

1. The greater part pass on through the Pons to the Cerebrum. 
portion of the fibres, however, running apart from the others, joins som 
fibres from the olivary body, and unites with them to form what is called 
the olivary fasciculus or filUl. 2. A small tract of fibres proceeds to tJ 
cerebellum. 

The lateral column of the cord on each side of the medulla, in pro 
ceeding upward, divides into three parts, outer, inner, and middle, whitdi^ 
are thus disposed of: — 1. The oufer fibres (direct cerebellar tract) go with 
the restiform tract to the cerebellum. 2. The middle (crossed pyramidal 
tract) decussate across the middle line with their fellows, and form a part 
of the anterior pyramid of the opposite side. 3. The inner pass on to . 
the cerebrum, at first superficially but afterward beneath the olivary bodf. 
and the arcuate fibres, and then proceed along the floor of the fourtoj 
ventricle, on each side, under the name of the fasciculus teres. 
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Tlie posterior column of the cord is represented in the medulla by the 
posterior pyramid, or tuscicaluB gmcWiB, which ia a continuation of the 
posterior median column, and by the resiiform body, comprising the 
funiculus cuneatiis and the funiculus of Rolando. The fasciculus gracilis 
(Fig. Z'iZ.f.g), diverges above as the broader clava to form, one on either 
side, the lower latend boundary of the fourth ventricle, then tapers oS. 
and becomes no longer traceable. The fnnicnlns cuneatug, or the rest of 
the posterior column of the cord, is continued up in the medulla as snch 
(Fiz. 3i3,/.r); but soon, in addition, between this and the continuation 
of the posterior nerve roots, appears another tract called the funiculus of 
Bolando (Fig. 323,/.^). Ifigh up, the funiculus -cuneatus is covered 
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r fibres (arcuate fibres), which issue from the anterior median 

. 1, turn upward over the anterior tivramids to ptise directly into the 

corresjwnding hemisphere of the cerebellum, being ioineti by the fibres of 
the direct cerebellar tract; the funiculus of Rolando, and the funiculus 
enneatus, although appearing to join them, dg not actually do so, except 
to a partial sxtont. 

Ony matter of the whIuUh. — To a considerable extent the. i^j matter 
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of the medulla is a, contiiumtioii of that in tlie spinal cord, but tlic a 
raiigemeut is somewhat different. 

The diaplHcement of tiie anterior comn takea place because of t 
decusBntion of il large part of the fibres of the lateral columns in t 
anterior pyramids passing through the grey matter of the anterior com 
HO that the caput comu is cut on from the rest of the grey matter, and ii 
moreover, puBhed backward by tlie olivary body, to be mentioned below 
It lies in the lateral portion of the medulla, aud esists for a time as the ■* 
nucleus lateralis (Fig 3*24, n I), it tonsists of a, reticulum of grey matter, 
containing ganghon cells interaetted b> white nerve fibres. The base of 
the anterior comu is pushed more from the anterior surface, and wb( 
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the central canal opens out into the fourtli ventricle, forms a collection of 
ganglion cells, producing the eminence of the fasciculus teres; from cer- 
tain large cells in it arise the hypoglossal nerve (Fig. 325, XII.'), which 
passes through the medulla, and a]ipears between flie olivary body and 
the anterior pyramids. 

In the funiculus teres, nearer to the middle Hue as well as to the sur- 
face, is a collection of nerve cells called the nucleus of that fuuicuUis (Fig. 
325, n.l). The grey matter of the posterior comu is displaced somewhat 
by bands of fibres passing through it. The caput cornu appears at the 
surface as the funiculus of Rolando, whilst tlie cervix comu is broken up 
into a reticulated structure which is displaced laterally, similar in str" " 
ture to the nucleus lateralis. From the increase of the base of the poa' 
comu, the nuclei of the funiculus gracilis and fiinioulus cuneatus a 
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rived (Fig- 324, n./?, n.c), and outside of the latter is an aoceesory iiucloiis 
formed (Fig, 334, n.c'). Internally to these latter, and also derived from 
the cells of the base of the posterior conui and appeariug in the floor of 
the fourth ventricle, when tlie central canal ojkiib are the nuclei of the 
spinal accessory, vagus, and glosso-pharviigcal nenes. In the upper part 
of the medulla also, to the outside of these throe nncloi, Ib found the 
principal auditory nucleus. All th(> above nuclei appear to b« derived 
from a continuation of the grey matter of the spinal cord, but a fresh col- 
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lection of grey raatt«r not represented is interoolated lictween the anterior 
pyramids and the lateral column, contained within the olivary promi- 
nence, the wavy line of which (corpus dentatum) is doubled njwn itself 
ftt an augle with the extremities du-ected upward and inward (Fig. 325, o). 
There inay also be a smaller collection of grey matter on the outer tuid 
inner aide of the olirarj nucleua known as accessory olivary nuclei. 



FrNCTIONS OF THE MeDCLLA OBLONGATA. 

The functions of the medulla oblongata, like those of the spinal coni, 
may be considered under the hea<lB of: 1. Conduction; 2, Transference 
and Reflection: and, in addition. 3. vViitomatism. 

I. In conducting impressions the medulla oblongata has a wider et- 
tent of function than any other part of the uenons system, since it is 
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obTions that all impressionH passing to and fro lietween the brain nud the 
spinal cord and all nervta arising below the pons, must be tranemittfid'. 
through it. 

2. As a nerve-centre by which impreaaious are /ranf/erred or rffleeledj 
the medulla oblongata also Tcsembles the spinal cord; the only difference 
between them consiating of the fact tJiat many of the reflex actions per- 
formed by the former are much more important to life than any per- 
formed by the spinal cord- 
Demonstration of Functions. — It has been proved by repeated^ 
experiments on the lower animals that tlie entire brain may be gradually, 
cut away in successive portions, aiid yet life may continue for a consider 
able time, and the respiratory movements be uninteiTiipted. Life may 
also continue when the spinal cord is cut away in successive portions from 
below upward aa high as the point of origin of the phrenic nerve. In 
Amphibia, the brain has been all removed from above, and the cord, as 
far aa the medulla oblongata, from below; and so long aa the medulla 
oblongata was intact, respiration and life were maintained. But if. in 
any animal, the medulla oblongata is wounded, particularly if it it 
wounded in its central part, opposite the origin, of the pneumogastrie 
nerves, the respiratory movements cease, and the animal dies asphyxi* 
ated. And this eifect ensues even when all parts of the nervous system,. 
except the medulla oblongata, are left intact. 

Injury and disease in men prove the same as these experiments cad 
animals. Numerous instances are recorded in which injury to the mef! 
duUa oblongata has ])roduced inBtantaneous death; and, indeed, it ii' 
througli injury of it, or of the part of the cord connecting it with t] 
origin of the phrenic nerve, that death is commonly produced in fracturet'] 
and diseases with sudden displacement of the upper cervical vertebras. 
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Special Cestbes. 

(1.) Respirafory. — The centre whence the nervous force for the pro>1 
duction of combined respiratory movements appears to issue is In the h 
terior of that part of the medulla oblongata from which the pneumo* 
gastric nerves or Vagi arise. The vagi themselves, indeed, are i 
tial to the respiratory movements; for both may be divided without moitl 
immediate effect than a retardation of these movements. But in thi 
part of the medulla oblongata is tJie nerve-centre whence the impuls 
producing the respiratory movements issue, and through which impuls 
conveyed from distant parts are reflected. 

The wide extent of connection which belongs to the medulla oblongata 
as the centre of the respiratory niovemeiits, is shown by the fact thi ' 
impressions by mechanical and other ordinary stimuli, made on i 
parts of the external or internal surface of the body, may modify, i. 
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crease or diminigh the rupitlity of respiratory movementB. Thus involiin- 
' tarii' rea]iiratioiiB are Induced by the Buddeu contact of cold with any purt 
of the skin, as in dashing cold water on the face. Irritation of the 
mucous membrane of the nose produces sneezing. Irritation in the 
pharynx, CE^ophagus, etomacli, or intestines, excites the concurrence of the 
respiratory movements to produce vomiting. Violent irritation in the 
reolum, bladder, or uterus, gives rise to a concurrent action of the 
respiratory museles, so ae to effect the expulsion of the fsces, urine, or 
f (Situs. 

(2.) Centre for Dvghifition. — Tiie medulla oblongata appears to be 
the centre whence are derived the motor impulses enabling the mnsclea 
of the palate, pharynx, and wsophagUB to produce the successive co-ordi- 
nate and adapted movements necessary to the act of deglutiliott {p. i39, 
Vol. I.). This is proved by the persistence of swallowing in some of the 
lower animals after destruction of the cerebral hemispheres and cere- 
bellum; its existence in anencephalous monsters; the]H>werof swallowing 
possessed by the marsupial embryo before the brain is developed; and by 
the complete arrest of the jiower of swallowing when the medulla ob- 
longata is injured in exiieriments. {3) A centre by which the move- 
ments of maxticaiion are regulated (p. 226, Vol. I.). {4) Through the 
medulla obiongala, chiefly, are reflected the impressions which excite the 
tecrttion uf mUva (p. 233, ^'ol. I.). (5) Cardio-inhibitory centre for the 
regulation of the action of the heart, through the pneumogastrics and 
probably also, the accelerating fibres of the sympathetic (p. 127, Vol. I.). 
(6) The chief vaso-motor centre. From this centre arise fibres which, 
passing down the spiual cord, issue with the anterior roots of the spinal 
oerros, and enter the ganglia and branches of the sympathetic system, by 
which they are conducted to the blood-vessels (p. 154, Vol. I.). (7) Cilia- 
tpinal cenlre for the regulation of the iris, and other plain-fibred muscles 
of the eye. (8 and 9) Centres or ganglia of the special senses of hearing 
and insie. (10) The centre for npftch, i.e., the centre by which the 
various muscular movements concerned in speech are co-ordinated or har- 
monized. (11) Centre by which the mauy mnscles concerned in vomiting 
are harmonized. (Vi) The so-called diabetic centre, or, in other words, 
the grey matter in the medulla oblongata which, being irritated, causes 
glycosuria (p. 283, Vol. I.), is probably the vaso-motor centre; and this 
pecnliar result of its stimulation u merely due to vaso-motor changes in 
the liver. 

Thongh respiration and life continue while the medulla oblongata is 
perfect and in connection with the respiratory nen-es, yet, when alt the 
brain above it is removed, there is no more appearance of sei^sation, or 
will, or of any mental act in the animal, the subject of the experiment, 
than there is when only the spinal coni is left. The movements are all 
involuntary and unfelt; and the medulla oblongata has, therefore, no 
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daiiD lo be considered as un orgun of i)ie miiid, or hs tlie seat of senatiuo 
or volontary power. These are connected with parts to be aftenrsrd 
docribed. 

Pons Varolii. 

Structure! — The meso-cephalon, or pons Varolii (vi. Fig. 326), is 
compceed principally of tran^veree iibres connecting the two hemiepheree 
of the cerebellum, and forming its principal tranfiveise commi^eare. But 
it includes, interlacing with these, numerous longitndlual fibres which 
connect the mednlla oblongata with the wrebnim, and transverK fibres 
which connect it with the cerebellum. Among the fascicnli of nerve- 
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fibres by which these several parts are connected, the pons also contains 
abundant grey or vesiculiir substance, which appeiira irregularly placed 
among the fibres, iind fills up alt the interstices. 

Functions. — The anatomical distribution of the fibres, both t 
Terse and longitudinal, of which the pons is com|)osc(l, is sufllicient enUM 
donee of its fun?tioiiB eg a conductor of impressions from one part of tbvl 
cerebro-spinul asis to another. Concerning its functions as i 
centre, little or nothing is certainly known. 
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Crura Cerebri. 



Structure.— The crura cerebri (iii. Fig. 326), are principally formed 
of neire-fibree. of whicli the inferior or more superficial (crusta) are con- 
tinuouB with those of the anterior pyramidal tracts of the medulla oblon- 
gata, and the superior or deeper fibres (tegmentum) with the lateral and 
posterior pyramidal tracts, and with the olivary fasciculus. BesidcB these 
fibres from the medulla oblongata, are others from the cerebellum; and 
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e of tlie latter as well as a part of the fibres derived from the lateral 
tract of the meilullu oblongata, decussate acrosg the middle lipe. 

Each eras cerebri contains unioiig its fibres a mass of grey substance, 
I the locv» iiiijer. 

FuDCtiotls. — With regard to their functions, the crura cerebri may 
I be regarded as, principally, conducting organs: the cruela conducting 
Vol, II.— 8 
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motor and the tegmentum Bensory impreasione. As iierve-CDiitrea tliey 
are probably connected with the functions of the third cerebral nerve, 
which arises from the locus niger, and through which are directed tbe 
chief of the numerous and complicated movements of the eyeball. The 
crura cerebri are also in all probability connected with the co-ordination 
of other movemeute besides those of the eye, as either rotatory (p. 118, 
Vol. il.) or disorderly movements result after section of either of them. 
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CORPOBA QfADKIQEUISA, 

The corpora quadrigemina (from which, in function, the corpora gen- 
irnlnia are not distinguishable), are the homologuea of the optic lobes in 
Birds, Amphibia, and Fishes, and may be regarded as tbe principal 
nerve-centres for the sense of sight. 

Functions. — (1) The experiments of Flourcns, Longet, and Ilert- 
wig, show that removal of the corpora quadrigeminfl wholly destroys the 
power of seeing; and diseases in which they are disorganized are usually 
accompanied by blindness. Atrophy of them is also often a consequence 
of atrophy of the eyes. Destruction of one of the corpora quadrigemina 
(or of one optic lobe in birds), produces blindness of the opposite eye. 
This loss of sight is the only apparent injury of sensibility sustained by 
the removal of the corpora quadrigemina. The (2) removal of one of them 
affects the movements of the body, so that animals rotate, as after 
division of the cms cerebri, only more slowly: but this may be doe to 
giddiness and partial loss of sight. (3) The more evident and direct in- 
fluence is that produced on the iris. It contracts when the corpora qaad- 
rigemina are irritated: it is always dilated when they are removed: so 
that they may be regarded, in some measure at least, as tbe nervous 
centres governing its movements, and adapting them to tbe impressions 
derived from the retina through the optic nerves and tracts. (4) The 
centre for the co-ordination of tbe movements of the eyes is also contoinetl'l 
in them. This centre is closely associated with that for contraction at] 
the pupil, and so it follows that contraction or dilatation follows ap< 
certain definite ocular movements. 

CoRpoKA Striata and Optic Thalami. 

Structure. — (1.) The corpora striata are situated in front of theoptk 
thalami, partly within and partly without the lateral ventricle. "~ 
corpus striatum consists of two parts. 

(rt.) Intraventricular portion (caudate mickiis) is conical in el 
with the base of the cone forward; it consists of grey matter, with i 
substance in its centre, which comes from the corresixinding cerebri 
peduncle, (i.) Extraventriculai- portion {knticularnvckun) issepoiatA 
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from the other portion by n layer of white material. It is seen on Ecction 
of the hemisphere. Its horizontal section is wider in the centre than at 
the enii. On the outside is the grey lamina (claitxfnim). 

Between the corpus strtatiim and optic tlialainus is the Iteiiia stmicir- 
cularh, a semi-transparent band which is continued hack into the white 
anbstance of the roof of tlie descending horn of the yentricle. 

(2) The Optic Thalami are oval in shape, and rest upon the t-rura 
cerebri. The upper surface of each thalamus is free, and of white sub- 
atance; it projects into the lateral ventricle. The posterior surface is also 
white. The inner sides of the two optic thalami are in partial contact, 
and are composed of groy material uncovered by white, and are, as a rule, 
connected by a transverse portion. 

Functions. — The two ganglia, the Corpus Striatum and Optic Thal- 
amus, are placed between the cerebral convolutions and the crus cerebri 
of the same side. It is probable that although some of the fibres of the 
crus pass without interruption into the cerebrum, the majority of the 
fibres pass into these ganglia; first of all the lower fibres (crusta) into the 
corpus striatum, and the upper (tegmentum) into the optic thalamus, and 
then out into the cerebrum. From tJie position of these bodies, it would 
be reasonable to suppose that they were interposed in function between 
tiie ofteratiou of the will on the one hand, and on the other with the sen- 
■ori-motor appnmtns below them, and it ia believed that this ia the ca^e, 
although the evidence is not exact: the theory that the corpus striatum 
k the ntotitr ganglion, and that, when injured, the communication be- 
tween the will and the muscles of one half of the body is broken (hemi- 
plegia), being supported by many pathological facts and physiological ex- 
periments, and generally received by pathologists. It is found that the 
cerebral functions are as a rule unimpaired. In the same way the evidence 
that the optic thalamus is the sensory ganglion depends upon similar 
observations, that when injured or destroyed, aonsatiou of the opjxtsite 
aide of the body is impaired or lost, In both cases, the parts paralyzed 
are on the opposite side to the lesions, the decussation of botii sets of 
fibres taking place, as we have seen, below the ganglia. It is a fact, 
however, that many experiments and pathological observations are op- 
posed to the above theory, which must therefore be received with caution. 

The Cerebeu-psc. 

The Cerebellum (7, 8, 9, 10, Fig. 326), is composed of an elongated 
central portion called the vermiform processes, and two hemispheres. 
iEach hemisphere is connected with its follow, not only by means of the 
Tenniform processes, but also by a bundle of fibres called the middle crus 
.•at peduncle (the latter forming the greatur part of the ]>on8 Varolii), while 
"la superior crura with the valve of Vieuaeeus connuct it with the cere- 
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brum (5, Fig. 328), and the inferior crura (formed by the prolonged rw- 
tiform bodies) connect it with the medulla oblongata (3, Fig, 328). 

Structure. — The eerebelluni is compoBed of white and grey matter, 
the latter being extemaJ, like that of the cerebrum, and like it, infolded. 
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BO that a larger area may be contained in a given space. The convolutions 
of the grey matter, however, are arranged after a different pattern, as 
shown in Fig. 328. Besides the grey Bubetance on the surface, there is, 
near the centre of the white substance of each hemisphere, a small capsule 
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of grey matter called the corpus dentatum (Fig. 320, cd) resembling veiy 
closely the corpus dentatum ot the olivary body o( the n ' " 
(Fig. 334. 0). 
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If ti section be taken througli the cortical portion of the cerebellum, 
the following distinct layers can be seen (Fig, 330) by microacopic oxami- 
nution. 

(1.) Immediately beneath the pia mater (p in) is a layer of consider- 
able thickness, which consists of a delicute connective tissue, in whicli are 







m& 







Tm. HK-Totlcal m _ 

— ■ ■""* lem-cdlB Iriw te ■ mnjleUy*/ . ...._..._ 

■ upvuil, wblohbrmitdioantluu'i" . . ..i^ tli.-iln-p"in<dwul>rlayer" 

>uciii«nirfBi»; 9. deHe Uvcr of giuik'li ;■■ ■ Ij r.'WiiihlinB niiql<-ar liu-et* 

t; /, Uti^oI ocrve-flbre*. with ■ few M-Bitt-'vil vaiit'lii^i^ii- khi'ii^'Iek This laM Utv- ''" 

. ^irhitr natter ottbnvntii" ' ''^ "' ' 

ilOein uul Kobie Smith.) 



put uf the frhil 









lorPlU-UDjbwblCb 



L scattered several spherical corpuseles like those of the grannlar layer of the 
\ retina, and also an immense number of delicate fibres passing up toward 
I the free surface and brnncliing as they go. These fibres are the ]>rocesBefl 
t ot the cells of Purkinje. (2.) 7%e CelU of Purkinje {p). Theae are » 



118 



HAHD-BOOK .OF PHTBIOLO&Y. 



single layer of branched nerve-cells, which give off a single nnbmnched 
process downward, and numerous processes up into the external layer, eoiiiA 
of which become continuous with the scattered corpuscles. (3.) 75# 
ffranular layer (g), consisting of immense numbers of corpuscles closely 
resembling those of the nuclear layers of the retina. (4.) ^'erre Jibrt 
Ify^r i.f)- Bundles of nerve-fibres forming the white matter of the 
cerebellum, which, from its branched appearance, has becu named the 
"arbor vitse." 

Functions. — The physiology of the Cerebellnm may be considered in 
its relation to sensation, voluntary motion, and the instincts or higher 
faculties of the mind. Its supposed functions, like those of every other 
part of the nervous system, have beeu determined by physiological experi- 
ment, by pathological observation, and by its comparative anatomy. 

(1.) II is itself itisenaibh lo irritation, and may be all cut away with- 
out eliciting signs of pain (Longet). Its removal or disorganization by 
disease is also generally unaccompanied by loss or disorder of sensibility; 
utiimuls from whicli it is removed can smell, see, hear, and feel pain, to 
all appearance, as perfectly as before (Flourens; Magendie). Yet, if any 
of its crura bo touched, pain is indicated; and, if the restiform tracts of 
the medulla oblongata bo irritated, the most acute suffering appears to 
be produced. So that, although the restiform tracts of the meilull* 
oblongata, which themselves appear so sensitive, enter the cerebellum, it 
cannot be regarded as a principal organ of sensation. 

(2.) Co-ordiiiafion of Movemenfu.—l'a reference to motion, the experi- 
ments of Longet and many others' agree that no irritation of the cerebel- 
lum produces movement of any kind. Remarkable results, however, ai« 
produced by removing parts of its substance. Flourens (whose 
ments have been confirmed by those of Bouillaud, Longet, and others] 
extirpated the cerebellum in birds by successive layers. Feebleness ai 
want of harmony of muscular movements were the consequence of remoT- 
ing the superficial layers. When be reached the middle layers, the ani- 
mals became restless without being convulsed; their movements were vio- 
lent and irregular, but their sight and hearing were perfect. By the 
time that the last portion of the organ was cut away, the animals haj 
entirely lost the powers of springing, flying, walking, standing, and pre- 
serving their equilibrium. When an animal in this state was laid upon 
its back, it could not recover its former posture, but it fluttered its winga^ 
and did not lie in a state of stupor; it saw the blow that threatened iti 
and endeavored to avoid it. Volition and sensation, therefore, were not 
lost, but merely the faculty of combining the actions of the muscles; and 
the endeavors of the animal to maintain its balance were like those of a 
drunken man. 

The experiments afforded the same results when repeated on all 
of animals; and from them and the others before referred to, FIoi 
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inferred that the cerebellum belongs neither to the Benaory nor the intel- 
lectual iip[iaratU3; and that it is not the source of voluntary movements, 
although it belongs to the motor apparatus; but is the organ for the co- 
onliiiation of the voluntary movemente, or for the excitement of the 
comiiHed action of muscles. 

Such evidence as can be obtained from cases of disease of this organ 
confirms the view taken by Flourene; and, on the whole, it gains 8Uj>- 
port from comparative anatomy; animals whose natural movements 
require most frequent and exact combinations of muscniur actions being 
tho6c whose oerebella are most developed in proportion to the spinal cord. 

Foville supposed that the cerebelluui is the organ of muxcular Mnse, 
i.e., the organ by which the mind acquires tliat knowledge of the actual 
eljite and position of the muscles which is essential to the exercise of the 
will upon them; and it must be admitted that all the facts jugt referred 
to are as well explained on this hypothesis as on that of the cerebellum 
being the organ for combining movements. A harmonious combination 
of muscular actions must dejwnd as much on the capability of appreciating 
the condition of tlie muscles with regard to their tension, and to the 
force with which they arc contracting, as on the power which any special 
ner\-e-centre may possess of exciting thera to contraction. And it is 
because the power of such harmonious movement would be equally lost, 
whether the injury to the cerebellum involved injurj- to the seat of mus- 
cular sense, or to the centre for combining muscular actions, tlutt eicperi- 
ments on the subject afford no proof in one direction more than the other. 

The theory once believed, that the cerebellum is the organ of sexual 
passion, has been long disproved. 

Forced Movements. — The Influence of each half of the cerebellum 
is directed to muscles on the opirasite side of the body ; and it would appear 
that for the right ordering of movements, the nctions of its two halves 
must be always mutually balanced and adjusted. For if one of its crura, 
or if the pons on either side of the middle line, be divided, so as to cut off 
the me<lulla oblongata and spinal cord the influence of one of the hemi- 
Bphoree of the cerebellum, strangely disordered movements ensue {forced 
movements). The animals fall down on the side opposite to that on which 
the cms cerebelli has been divided, and then roll over continuously and 
repeatedly: the rotation being always round the long axis of their bodies, 
and generally from the side on which the injury has been inflicted. The 
rotations sometimes lake pla«e with much rapidity; as often, according to 
Mftgendie, as sixty times in a minute, and may last for several days. 
Similar movements have been observed in men; as by Serres in a man in 
whom there was apoplectic effusion in the right eras cerebelli: and by 
Belhomme in a woman in whom an exostosis jiressed on the left orus. 
They may, [>erhapB, be explained by assuming that the division or injury 
of the orus cerebelli produces paralysis or imperfect and disorderly move- 
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menta of the opposite side of the body; the animal falls, and theu, gtrng- 
gling with the disordered side on the ground, and striving to rise with the 
other, pushes itself over; and so again and again, with the same act, rotates 
itsell Such movements cease when the otiier cms cerebelli is divided; but 
probably only because the paralyaia of the body is thus made almost com- 
plete. Other varieties of forced movements have been observed, especially 
those named "circus movements," when the animal operated upon moves 
round aud round in a circle; and again those in which the animal turns 
over and over in a series of somersaults. Nearly all tlieae movemeiita may 
result on section of one or other of the following parts; viz., crura cere- 
bri, medulla, pons, cerebellum, corpora quadrigemina, corpora striata, optic 
thalami, and even, it is said, of the cerebral hemispheres. 

The CEBEanun. 

The Cerebrum (composed of two so-called Cerehral hemispheres) is 

placed in connection with the Pons and Medulla oblongata by its two 
crura or peduiichs (III. , Fig. 326) : it is connected with the cerebellum by 
the processes called superior crura of the cerebellum, or prticessws 
bello ad tesles, and by a layer of grey matter, called the valve of Vieossene, 
which lies between these processes, and extends from the inferior vermiform 
process of the cerebellum to the corpora quadrigemina of the cerebmm. 
These parts, which thus connect the cerebmm with the other principal 
divisions of the cerebro- spinal system, may, therefore, be regarded as the 
continuation of the cerebro-spinal axis or column; on which, as a kind 
of offset from the main nerve-path, the cerebellum is placed; and oa 
the further continuation of which iu the direct line, is placed the cerebrum 
(Fig. 331). 

The Cerebrum is constructed, like the other chief divisions of the 
cerebro- spina! system, of grey (vesicular and fibrous) and white (fibrous) 
matter; and, as in the case of the Cerebellum (and unlike the spinal cord 
and medulla oblongata), the grey matter icorlez) is external, and forms a 
capsule or covering for the white substance. For the evident purpose of 
increasing its amount without undue occupation of space, the grey mattai'i 
is variously infolded so as to form the cerebral convolutiong. 

Conrohiliovs of the Cerebrum. — For convenience of description, thii 
snrface of the brain has been divided into five lobes (Gratiolet), ' 

1. Frontal (F., Figs. 332, 333). limited behind by the fissure of Rolandtt 
(central fissure), and oeneath by tbe fissure of Sylvius. Its surface con- 
sists of three main convolutions, which are approximately horizontal in 
direction and are broken up into numerous secondary gyri. They are 
termed the superior, middle, and inferior frontal convolutions. In addi- 
tion, the frontal lobe contains, at its posterior part, a convolution whi< ' 
runs upward almost vertically ("ascending frontal"), and is bounded 
front by a fissure termed the prsecontral, behind by that of Bolando. 
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2. Parietal (P.). This lobe i§ 'bounded in front hy the Ghbotg of Ito- 
lando, behind by the external perpendicular fiEBure (parieto-occipital), snd 
below by the fissare of Sylvius. liehind the fissure of Rolando is the "as- 
cending parietal" oonrolutiou, which swells oat at its upper end into what 
is termed the superior parietal lobnle. The superior parietal lobule ia 
Mparateil from the inferior parietal labule b^ the intra-parietal sulcus. 
The inferior parietal lobule (pli courbe) ie gitiiated at the posterior and 
npperendof the fissure of Sylvius; it consists of (a) an anterior part (snpra- 
marginal convolution ) which hooks round the end of the figure of Srlnus, 
and joins the Buperior temporal convolution, and a posterior part (b) (angu- 
lar gyrus) which hooks round into the middle temiwral convolution. 




3. Temporo-gpkenoifM (T. ), contains three well-marked convolution^' 
parallel to each other, termed the superior, middle, and inferior tempore 
The superior and middle are separated by the parallel fissure. 

4. Occipital (0. ). This lobe lies behind the estemal perpendicular or 
parieto-occipital fissure, and contains three convolutions, termed the supe- 
rior, middle, and inferior occipital. They are often not well marked. Ib 
man, the external parieto-occipital fissure is only to be distinguished 
notch in the inner edge of the hemispliere; below this it is quite oblii 
Hted by the four annectenl gyri (plis de passage) which run nearly horii-' 
zontally. The upper iwo connect the parietal, and the lower two the tem- 
poral with the occipital lobe. 

6. The central lobe, or island of Hell, which contains a number of 
radiating convolutions (gyri operti). 

The infernal surface (Fig. 33-1) contains the following gyri and sulci: 
Gyrus furnicaius, a long cun'cd convolution, parallel to and curriug 
round ihe corpus callosum, and swelling out at its liinder and upper end 
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into the quuilratc lobule (prtBcuneua), which is continuous with the superior 
parietal lobule on the external eiirface. 

Slargimtl convolution runs parallel to tlie preceding, and occupies the 
space between it and the eilge of the lorigitndinal fissure. 

Thf two coiivohitions are separated by the calloso -marginal fiasure. 
The iiiternril perpendicular ligstire is well marked, and nins downunnl 
to ita junction with the calcartne fissure: the wedge-shuped muss inter- 
vening hetwoen those two is termed the cnneu:'. The calcurino fissure 
corresponds to the projection into the posterior comu of the lateral ven- 
tricle, termed the Hippocampus minor. The iemporo-nphenoidal lobe on 
its internal aspect is seen to end in a hook luncinute gyrus). The notch 
round which it curves is continued up and Wk as the dentate or hippo- 
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cainpal sulcus; this fissnre underlies tfie projection of the hipimcampus 
major within the brain. There are three internal tempore occipital con- 
volutions, of which the superior and inferior ones sre usually well marked, 
the middle one generally less so. 

The collater^ fissure (corresponding to the eminentia collatemlis) forms 
the lower boundary of the superior temporo-occipital convolution. All the 
above details will be found indicated in the diagrams (Fig. 333, 333, 334). 

Structure. — The cortical grey matter of the brain consists of five 
layers (Meyuert) (Fig. 335). 

1. Superficial layer with abundance of neuroglia and a few small multi- 
polar ganglion -eel Is. 2. A large number of closely packedsmallganglion- 
cells of pyramidal shape. 3. The most important layer, and the thickest 
of all: it contains many large pymmidid ganglion-celU, each with a procoea 
mnning oft from the apex vertically towaixl the free surface, and lateral 
processes at the base which are always branchetl. Also a median proosM 
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from the base of each cell which ia unbranched and becomes coutinuouB 
with the axia-cyliiider of a nerve-fibre. 4. Numerous ganglioii-celU: 
termed the "granular formation" by Meynert. 5, Spindle-shaped and 
branched ganglion -cells of moderate aize arranged chiefly parallel to the 
free surface {vide Fig. 33o), 



iii 




According to recent obflerrationa by Boiisfield, the fibres of the medallax 
centre become connected with the multipolar ganglion cells of the fourt 
layer, and, from these latter, branches (niss to the angles at the bases of tl 
pyramidal cells of the third layer of the cortex (Fig. 33?. a). From t' 
apices of the pjTamidal cells, the axis-cylinder processes pass upward tt 
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considerable distance, and finany tcrmiiuite in ovoid corpnecles (Fig- 331) 
closely resembling, and homologouB with, the cnrpueclea in whicli tue ulti- 
mate romificutiouB of tho branched cells of Purkinje in the cerebellum 
terminate. Tims it would seem that the large pyramidal cells of the third 
larer are themselvea homologous with the cells of Purkinje in the cere- 
bellum. 

The white matter of the brain, as of the spinal cord, consists of bundles 
of medullated, and. in the neighborhood of the grey matter, of non* 
nedullated nerve-flbres, which, however, as is 
the case in the central nervous system generally, 
have no external nucleated nerve-sheath, which 
arc lieid together by delicute connective tissue. 
The BiKeof the fibres of the brain is uauoUy less 
than that of the fibres of tlie spinal conl: the 
average diameter of the former being about 
rBi-inr of an inch. 

Chemical Composition. — The chemistry 
of ner.'eand nerve cells has been chiefly studied 
in the brain and spinal cord. Nerve matter 
contains several albuminous and fatty bodies 
(cerebrin. lecithin, and some others), also fatty 
matter whicli can be cstnicted by ether (in- 
cluding cholesterili) and varions salts, especially 
Potassium and Magnesium ]>hosphates, which 
exist in larger quantity than those of Sodium 
and Calcium. Yolk of egg resembles cerebral 
sulffitance very closely in its chemical composi- 
tion; milk and muscle also come very near it. 

The great relative and absolute size of the X*A,£'i'Si( "iid~iiiiii 
Cerebral hemisjibcres in the adult manj masks brhind. ibe hm^wIbTi^. i»- 
to a great extent the real arrangement of the K^:'^^^£gi^£^^ 
several parts of the brain, which is illustrated in ir.iiuJaineiicepbaioii: Ai.pinMi 
the two accompanying diagrams. Prom these C2i^i^'!lS^ ^^ 
it is apparent that the parts of the brain are S?*""°' ^L3".t "'■'^"•i 
disposed m a linear series, as follows (from bo- abme Uw ouui rrpreKcta uw 
fore backward): olfactory lobes, cerebral hemis- hXS?^'^.?f3^'^S^ 
pheres, optic thalami, and third ventricle, cor- ""tf^C'SISi ''"""S^th"^ 
pora quadrigemina, or optic lobes, cerebellum, ^iricS^: 4,f«u^b^t^-, ., 
med»lkoblong»u. , , _ . „ Sii^teyr"""""" 

This huear arrangement of parts actually 
occurs in tho human fmtnfl (se« Chapter on Development), and it is 
permanent in some of the lower Vertehmta, cj., Fishes, in which tho 
cerebral hemisphores are represented by a pair of ganglia intervening be- 
tween the olfactory and the optic lobes, and considerably smaller than the 
latter. In Amphibia the cerebral lobee are further developed, and are 
larger than any of the other ganglia. 
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In Beptiles and Bir']s Ihu cerebral ganglia attain a still farther de- 
velopment, and ill Mammalia tlie cerebraJ hemiaphere* exceed in weight 
all the rest of the brain. As we useend tlie Bcale, the relative eize of the 
cerebrum increases, till in the liiglier apes and man the hemiBpheree, 
wliich commenced as two little lateral buds from the anterior cerebral 
vesicle, have grown upward and backwai-d, completely covering in and 
hiding from view all the rest of the brain. At the same time the smooth 
surface of the brain, in many lower Mammalia, such tis tliL' ntbbit, is re- 
placed by the labyrinth of convolutions of the human brain. 

Weight of the Brain. — The brain of an adult man weighs from 48 to 
50 oz. — or about 3 Ibe. It exceeds in absolute weight that of all the 
lower animals except the elephant and whale. Its weight, rt-latitvlif to 
that of the body, is only exceeded by that of a few small birds and some 
of the smaller monkeys. lu the adult man it ranges from ^ — ^ of the 
body weight. 

Viiriations. Age. — In a new-born child the brain (weighing 10 — 14 oi.) 
ia -j^ of the body weight. At tlie iige of 7 years the weight of the bruD 




already averages 40 oz., and about 14 years the brain not unfrequently 
reaches the weight of 48 oz. Beyond the age of 40 years the weight 
slowly but steadily declines at the rate of about 1 oz. in 10 years. 

liex. — The average weight of the female brain is less than the male; 
and this difference persists from birth throughout life. In the adult itV 
amounts to about 5 oz. Thus the average weight of an adult woman^n 
brain is about 44 oz. 

Intelligence. — The brains of idiots arc generally much below the avei 
age, some weighing less than 16 oz. Still the facta at present collecte 
do not warrant more than a very general statement, to which there ai 
numerous exceptions, that the brain weight corresponds to some exteirifj 
with the degree of intelligence. There can be little doubt that the « "~ 
plexity and depth of the convolutions, wliich indicate the area of the g 
matter of the cortex, correspond with the degree of intelligence {% 
Wagner). 

Weight of the Spina} Card. — The spinnl cord of man weighs froiil'" 
1 — 1 ( 07.. ; its weight relatively to the brain is about 1 : 36. As we descend 
the scale, this ratio constantly increases till in the mouse it is 1 : 4. Ib 
cold-blooded animals the relation is reversed, the spinal cord is the heavier 
and more important organ. In the newt, 2:1; and in the lamprey, 75 : 1. J 

Di-ilinclive Vhararter* of the Human Brain. — The following rfiai 
distinguish /Ae firrtin (i/ ?/(«» anil apes from thoneofatl other nnimuU. (aJ|| 
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Thfi rudimentary condition of the olfactory loboa. (fi). A perfectly defined 
fissure of Sylvius, (c). A posterior lolxf completely covering the cerebel- 
lum. ((/). The presence of posterior coniuu in the lateral ventricles 
(Gnitiolet). 

The most ditttincfive mints in the human brain, as contrasted with 
that of apes, are: — (1). The much greater size and weight of the whole 
brain. The brain of a full-grown gorilla weighs only about 15 oz., which 
is le«8 than ^ the weight of the human adult male bruin, and barely 
exceeds that of the human iiifuut at birth. (3). The much greater com- 
plexity of the convolutions, especially the existence in the human brain of 
t«rtiary convolutions in the sides of the fissures. (3). The greater relative 
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rize and complexity, and the blunted quadrangular contour of the frontal 
lobes in man, which are relatively both broader, longer, and higher, than 
in ap(«. In apes the frontal lobea project keel-like (rostrum) between the 
olfactory bultM. (4). The much greater prominence of the temporo- 
•phenoidal lobe in apes. (5). The nssure of Sylvius is nearly horizontal 
in man, while in apes it slants considerably upward, {ft). The distinct- 
aeaa of the external perpendicular fissure, which in ape^ is a well-defined 
Almost vertical "slasn," while in man it is almost obscured by the an- 
neotent gyri (Rolleston). 

Most of the above points are shown in the accompanying figure of the 
brain of the Orang. 

Functions. — (1.) The Cerebral hemispheres are the organs by which 
are perceived those clear and more impressive sensations which can be 
retained, and regarding which we can judge. (2.) The Cerebrum is the 
organ of the will in so far at least as each act of the will requires a de- 
liberate, however quick determination. (3.) It is tlio means of retaining 
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impressioDB of seneible things, and reproducing tliem in subjeotiTe Bensa- 
tiona and idens. (4.) It is the medium of all the higher emotions and 
feelings, and of the faculties of judgment, understanding, memory, reflec- 
tion, induction, imagination and the like. 

Evidence regarding the physiology of the cerebral hemiepheres haa 
been obtained, as in the ca^e of other parts of the nervoue aystem, from the 
study of Comparative Anatomy, from Pathology, and from Esperiinents 
on the lower animals. The chief evidencea regarding- the fanctions 
the Cerebral hemispherea derived from these varions sources, are brii 
these: — 1. Any aevere injury of them, such as a general concussion, 
sudden presaure by apoplexy, may instantly deprive a man of all power 
manifesting esternally any mental faculty. 2. In the same geuenil pro- 
portion as the higher mental faculties are developed in the Vertebrate ani- 
mals, and in man at different agee and in different individuals, the more 
ia the size of the cerebral hemispheres developed in comparifion with the 
rest of the cerebro-apinal ayatem. 3. No other part of the nervous system 
bears a corresponding proportion to the development of the mental facul- 
ties. 4. Congenital and other morbid defects of the cerebral hemisphere 
are, in general, accompanied by corresponding deficiency in the range or 
power of the intellectual faculties and the liiglnr instincts. 5. Removal 
of the cerebral hemispheres in one of the lower animals produces effects 
corresponding with ivbat might be anticipated from the foregoing facta. 
The animal, although retaining mere sensation, and the power of pei^ 
forming even complicated reflex acts, remains in a state of stupor, and 
performs no voluhtiiry movement of any kind. (See below.) 

Effects of the Removal of the Cerebrum. — The removal of the 
cerebrum in the lower animals appears to reduce them to the condition of 
a mechanism without spontaneity. A pigeon from which the cerebrum 
has been removed will remain motionless and apparently onconscione 
nnleM disturbed. When disturbed in any way it soon recovers its forms 
position: when thrown into the air it flies. 

In the case of the frog, when the cerebral lobea have been remoTt 
the animal appears similarly deprived of all power of apontaneous 
ment. But it aits up in a natural attitude, breathing quietly; wh( 
pricked it jumps away; when thrown into the water it swims; when ph 
upon the palm of the hand it remains motionless, although, if the hand' 
be gradually tilted over till the frog is on the point of losing hia balance, 
he will crawl np till he regains his equilibrium, and comea to be perched 
quite on the edge of the hand. This condition contrasts with that resolt—. 
ing from the removal of the entire brain, leaving only the spinal cord; 
this case only the simpler reflex actions can take place. Tho frog di 
not breathe, he lies flat on the table instead of sitting up; when throi 
into a vessel of water he sinks to the bottom; when his legs are pincbi 
he kicka out, but does not leap away. 
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Unilateral action. — IteEpecttng the mode in which the brnin dis- 
chargeB its functione. there is no evi<lence whatever, Kut it appears 
that, for all but ita highest intellectual acts, one of the cerebral hemi- 
epiiores is enfficieiit. For numerous cases are reconled in which no 
mental defect waa observed, although one cerebral hemisphere was 
BO diaorgsnized or atrophied that it could not be supposed capable of 
discharging its functions. The remaining hemisphere was, in theeecascs, 
adequate to the functions generally discharged by both; but the mind does 
not seem in any of these cases to have been tested in very high intellectual 
exercises; so that it is not certain that one hemisphere will suffice for 
these. In general, the mind combines, as one sensation, tiio impressions 
which it derives from one object through both hemispheres, and the ideas 
to which the two sncli impressions give rise are single. In relation to 
common sensation und the eSort of the will, the impressions to and from 
tlie hemispheres of the brain are carried across the middle line; so that in 
destruction or compression of either hemisphere, whatever effecta are pro- 
duced in loss of sensation or voluntary motion, are observed on the side 
of the body opposite to that on which the brain is injured. 

Localization of Functions. — In speaking of the cerebral hemi- 
spheres as the so-called organs of the mind, they have been regarded as if 
they were single organs, of which all parts are equally appropriate for the 
exercise of each of the mental facnlties. But it is possible lliat each 
faculty has a special portion of the braiu appropriated to it a^ its proper 
organ. For this theory the principal evidences are as followa: — 1, That 
it is in accordance with the physiology of the compound organs or systems 
in tlie body, in which each part has its special function; as, for example, 
of the digestive system, in which the stomach, liver, and other organs 
perform each their separate share in the general process of the digestion 
of the food. 2. That in different individuals the several mental func- 
tions are manifested in very different degrees. Even in early childhooti, 
before education can be imagined to have exercised any influence on the 
mind, children exhibit various dispositions — each presents some predom- 
inant propensity, or evinces a singular aptness in some study or pursuit; 
and it is a matter of daily observation that every one has his peculiar 
talent or propensity. But it is difficult to imagine how this could be the 
cnee, if the manifestation of each faculty depended on the whole of tlm 
brain; different conditions of the whole mass might affect the mind gcn- 
enilly, depressing or exalting all its functions in un equal degree, but 
r«idd not permit one faculty to be strongly and another weakly mani- 
fested. 3. The plurality of organs in the brain is supported by the 
phenomena of some forms of mental derangement. It is not usual for 
ftll the mental faculties in an insane person to be equally disonlered; it 
often happens that the strength of somo is increased, while that of others 
is diminished; uiul in many cases one function only of the brain i& 
Vol. U.-0. 
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deriinged, wliile all the rest are performed in a natural muimer, 4. The 
same opinion is supported by the fact that the Boveral mental faculties] 
are developed to tlieir greatest strength at different periods of life, aontei 
being exercised with great energj' in childhood, others only in adult age; 
Jind that, as their energy decreaaea in old age, there is not a gradnaJ and 
«qiial diminution of power in all of them at once, but, on the coutran,% a 
diminution in one or more, while others retain theii- full strength, or 
even increiiae in power. 5. The plurality of cerebral organs appears to be 
indicated by the phenomena of dreams, in which only a part of the mental 
faculties arc at rest or asleep, while the others are awake, and, it is pre- 
BUme<l, are exercised through the medium of the parte of the brain 
appro] irintcd to them. 

Unconscious Cerebration. — In connection with the above, some 
remarkable phenomena should be mentioned which have been described 
as depending on an uncoasdous action of the brain. 

It must be within the experience of every one to have tried to recol- 
lect some particular name or occurrence: and after trying in vain for some 
time the attempt is given up and quite forgotten amid other occupations, 
when suddenly, hours or even a day or two afterward, the desired name 
or occurrence unexpectedly flashes across the mind. Such occurrences 
are supposed by many to be due to the requisite cerebral processes going 
on unconBciously, and, when the result is reached, to our all at once be- 
coming conscious of it. 

That unconscioun cerebraHon may sometimes occur, is likely enough;', 
and it is paralleled by the unconscious walking of a somnambulist, 
many eases of so-called unconscious cerebration are better explained 1^: 
the supposition that some missing link in the chain of reasoning 
at the moment be found; hut is aJterward, by some chance combinaticoi I 
of events, suggested, and thus the rnental process is at ouce, with the tnesb-j 
ory of what has gone before, completed, 

Again, in the vain endeavor to solve a difficult or it may be an 
problem, the reaaouer is frequently in the condition of a man win 
wearied muscles could never, before they have rested, overcome 
obstacles. In both cases, — of brain and muscle, after renewal of theirj 
testnres by rest, the task is performed so rapidly as to seem iustantaneouL 

Aphasia. — From the apparently greater frequency of interference 
with the faculty of speech in disease of the left than of the right half of 
the cerebnim, it has been thought that the nerve-centre for language, in- 
cluding in this term all articulate expression of ideas, is situated in the 
Uft cerebral hemisphere. A large number of cases are on record in 
which aphasia, or the loss of power of expressing ideas in words, has been 
associated with disease of the posterior part of the lower or third fronUiI 
convolution on the left side. This condition is usually associated witltj 
paralysis of the right side (right hemiplegia). The only conclusion, how- 
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ever, which can be drawn from thia, is, that the integrity of this par- 
ticular coiiTolution is essential to the faculty of speech; wo cannot con- 
clude that it ia necessarily the ventre for laugnage. It may be only one 
link in the complete chain of nurvoua connections necessary for the, trans- 
lation of an idea into articuhite expression. 

It seems highly probable that the corres{K>nding right convolutions 
can take on the same functions as the left; and it ia in this way that we 
can explain those cases in which recovery of speech takes place, though 
the left frontal convolution still remaioa diseased. 



Pineal dsn PixriTARy Bodies. 

Nothing is known of the function of the pineal and pituitary bodies. 
They hare been, indeed, supposed by some to bo rather ductless glands 
than nen^ous organs (p. 10, Vol. II.). 

Experimental Localizations. — Attempts have been made to localize 
cerebral functions by means of experiments on the lower animals. It had 
long been well known that the cerebral hemispheres could not be excited 
by mechanical, chemical, or thermal stimuli, but Fritsch and Tlitzig 
were the first to show that they are amenable to electric irritation. They 
employed a weak constant current in their experiments, applying a pair 
of fine electrodes not more than ^ in. apart to different parts of the 
cerebral cortex. The results thus obtained have been confirmed and 
extended by Ferrier. 

The following are the fundamental phenomena obaerred in all these 
tases: 

(1.) Excitation of the same spot is always followed by the same move- 
ment in the same animal, {'i.) The area of excitability for any given 
movement is extremely small, and admits of very accurate definition. 
(3.) In different animals excitations of anatomically corresponding spots 
produce similar or corresponding results (Burdon-Sanderson). 

The various definite movements resulting from the electric stimulation 
of circumscribed areas of the cerebral cortex, are enumerated in the 
description of the accompanying figures of the dog and monkey's brain. 

In the case of the dog, the results obtained are summed up as follows, 
by Ilitzig. 

(a.) One portion (anterior) of the convexity of the cerebrum is motor; 
another portion (posterior) is non motor, (b.) Electric stimulation of the 
motor portion produces co-ordinated muacniar contraction on the opjiosite 
side of the body, (c) With very weak currents, the contractions pro- 
duced are distinctly limited to particular groups of muscles; with 
itronger currents the stimulus is communicated to other muscles of the 
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same or neigbboring parte, (d.) The portionB of the brain intervening 
between these motor centres are inexcitable by eimilar means. 

With regard to the facte above mentioned, all experimentere are 
agreett but there is still cooBiderable diversity of opinion as to their ex- 
planation. 
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It is evident that the spots marked out on the cortex are not strict 
speaking motor cenlref, for they can be removed entirely withont des 
ing the power of voluntary motion. 

Burdon -Sanderson has shown that electric stimnlation of < 
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pointe in a horizoiital section, through the deeper parts of the liemi- 
Hpheree, produces the same elTects us i^tiiuulutiou of the so-culled "centres" 
in the grey matter overlying them: while the same results follow electric 
stimulation of different points of the corpus striatum. 
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In applying the facta ascertained by these experiments to elucidate 
the physiology of the human brain, we must remember that the method 
of electric stimulation is nn artificial one. differing widely from the ordi- 
Bmry stimuli to which the brain is aubjeot during life. 



134 



nAND-BOOK OF PHTBIOLOGT. 



Functions of other Parts of the Brain. — Of the phjciology of the 
other porta of the brain, little or nothing can be aaid. 

Of the offices of the corpus calloaum, or jreat transrerse and oblique 
commissure of the brain, nothing positive la known. But instances in 
which it waa absent, or very deficient, either witbont any evident mental 
defect, or with only such as might be ascribed -to coincident affections of 
other parts, make it probable that the office which is commonly assigned 
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to it, of enabling the two sides of the brain to act in concord, is exerciaeclll 
only ill tJie highest acta of which the mind is capable. And this view ii 
confirmed by the very late period of ils development, and by its very n 
mentary condition (Flower) in all but the placental Mammalia. 

To the fornix and other commissures no special fnnction can 1 
assigned; but it is a reasonable hypothesis that they connect the i 
of the parts between which they are severally placed. 



THE NEKVOU8 SYSTEM. 135 



Sleep. 



F 

I AH parts of the body whicli are the Beat of »otiTe change require 

periods of rest. The alternation of work and rest ia a necessary condi- 
tion of their maintenance and of the healthy performance of their fune- 
tiotiB. These alternating periods, however, differ much in duration in 
different cases; but, for any individual instance, they preserve a general 
and rather close uniformity. Thus, as before mentioned, tlie periods of 
rest and work, in the case of the heart, occupy, each of them, about half 
a second; in the case of the ordinary respiratory muscles the periods are 
about four or five times as long. In many cases, again (as of the volun- 
tary muBclea during violent exercise), while the periods during active 
eiertion alternate very frequently, yet the expenditure goes far ahead of 
the repair, and, to compensate for this, an after repose of some hours 
I>ecomes necessary; the rhythm being less perfect as to time, than in the 
r case of the muscles concerned in cu-culation and respiration. 

Obviously, it would be impossible that, in the case of the Brain, there 
should be short periods of activity and repose, or in other words, of con- 
ecionenesa and unconsciousness. The repose must occur at long inter- 
vals; and it must therefore be proportionately long. Hence the necessity 
for that condition which we call SUepj n condition which, scorning at firet 
sight exceptional, is only an unusually perfect example of what occurs, at 
varying intervals, in every actively working portion of our bodies, 

A temporary abrogation of the functions of the cerebrum imitating 
sleep, may occur, in the case of injury or disease, as the consequence of 
two apparently widely different conditions. Insensibility is equally pro- 
duced by a deficient and an excfseitv quantity of blood within the cranium, 
(coma); but it was once supposed that the latter offered the truest anal- 
ogy to the normal condition of the brain in sleep, and in the absence of 
any proof to the contrary, the brain was said to be during sleep con- 
ffested. Direct experimental enquiry has led, however, to the opposite 
conclusion. 

By exposing, at a circumscribed spot, the surface of the brain of 
living animals, and protecting the exposed part by a watch-glass. Dur- 
ham was able to prove that the brain becomes visibly paler (anemic) 
daring sleep; and the aneemia of the optic disc during sleep, observed by 
HughlingB Jackson, may be taken as a strong confirmation, by analogy, 
of the same fact. 

A very little consideration will show that these experimental results 
correepond exactly with what might have been foretold from the analogy 
of other physiological conditions. Blood is supplied U> tlic brain for two 
partly distinct purposes. (1.) It is mipplied for mere nutrition's sake. 
(2.) It is necessary for bringing supplies of imtential or active energy. 
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(i.e., combuslibU matter or hent) which may be tnuigfonned by t 
hral corpnscles into the various DiauifestatioDS of nerve-force. Daring 
sleep, blood is rei^uisite for only the first of these piu-poees; and it« supply 
in greater quantity w^utd be not only useless, but, by supplying an ex- 
citement to work, when rest is needed, would be positi'^ely harmful. In 
this respect the varying circulatioa of blood in the brain exactly resem- 
bles tliat which occurs in all other energy transforming parts of the body; 
e.ij., t/lands or musd-eg. 

At the same time, it is necessary to remember that the normal anienua 
of the brain which accompanies sleep is probably a result and not a cause 
of the quiescence of the cerebral functions. What the immediate c 
of this periodica! partial abrogation of function is, however, we do not 
know. 

Somnambulism and Dreams. — What we term sleep occurs often in 
very different degrees in diflerent parts of the nenous system; and in 
some parts the expression cannot be used in the ordinary sense. 

The phenomena of dreams and somnatnbulistn are examples of diiTer- 
ing degrees of sleep in different parts of the cerebro-apinaJ nervous sj-H- 
tem. In the former case the cerebrum is still partially active; but the 
mind-proflucta of its action are no longer corrected by the reception, on 
the part of the sleeping sensoriiim, of impressions of objects belonging I 
to the outer world; neither can the cerebrum, in this half-awake con- | 
dition, act on the centres of reflex action of the voluntary musoles, so a 
to cause the latter to contract — a fact within the painful experience of 
all who have suffered from nightmare. 

In Bomnambuhsm the cerebrum is capable of exciting that train of 
reflex nervous action which is necessary for progression, while the nerve- 
centre of mvscuhr aetiae (in the cerebellum?) is, presumably, fully 
awake; but the sensorium is still asleep, and impressions made on it are 
not Bufiiciently felt to rouse the cerebrum to a comparison of the differ* 
ence between mere ideas or memories and sensations derived from external J 
objects. 

Physiology of the Chanial Nebtes. 

The cranial nerves arc commonly enumerated as nine pairs; but tha . 
number is in reality twelve, tlie seventh nerve consisting as it does, otm 
two nerves, and the eighth of three. All arise (superficial originl from f 
the base of the encephalon, in a double series which extends from the I 
under surface of the anterior cerebral lobes to the lower end of the \ 
medulla oblongata. Traced into tho substance of the brain and medulla, ^ 
the roots of the nerves are found connected with various masses of grey ( 
matter, which are all connected one with another, and with the cerebral \ 
hemispheres. 
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TLe roots of the olfactory tracts arc connected deeply with the cortex 
of the anterior cerebral hemisphere, and probably with the corpora striata 
also. The optic nerves can !« traced into the optic thalami, corpora 
qiiiulrigemiDa, and corpora geniculata. The third and fourth nencs iirisc 
from grey matter beneath the corpora quudngemina; and the roots of 
origin of the remainder of the cranial nerves can be traced to grey matter 
in the medulla oblongata beneath the ttoor of the fourth ventricle, and 
iu the more central part of the medulla, around its central canal. a« low 
down as the decussation of the pjTamids. 

According to their several functions, the cranial nerves may be thus 
arr&nged: — 



Nerves of special sense 



of common sensation . 
of motion . . . . 



Olfactory, optic, auditory, part of the 

flosao-pharj'ngeal, and of the lingual 
ranch of the fifth. 
The greater portion of the fifth. 
Third, fourth, lesser division of the fifth, 
sixth, facial, and hypoglossul. 
Mixed nerves Gloseopharj'ngcal, vagus, and spinal ac- 
cessory. 

The physiology of the several nerves of the special eeuses will be con- 
sidered with the organs of those senses. 



Tbibd Nerve. 

Functions. — The third nerve, or motor ocuH, supplies the levator 
polpebne superioris muscle, and, of the muscles of the eyeball, all but 
the superior oblitjue or trochlearis, to which the fourth n^rve is approjiri- 
Mtecl, and the rectus extcnius which receives the sixth nerve. Through 
the medium of the ophthalmic or lenticular ganglion, of which it forms 
what is called the short root, it also supplies motor filaments to the iris 
and ciliary muscle. 

When the third nerve is irritated within the skull, alt those muscles 
to which it is distributed are convulsed. When it ia paralysed or dividrd 
the following effects ensue (1), the upper eyelid can be no longer raised 
by the elevator palpebne, but droops (ptosis) and remains gently closed 
over the eye, under the unbalanced influence of the orbicularis paljie- 
branim, which is supplied by the facial nerve: (2). the eye is turned out- 
ward (external strabismus) by the unbaknced action of the rectus ex- 
temus, to which the sixth nerve is appropriated: and hence, from the 
irregularity of the axes of the eyes, double-sight is often experienced when 
a single object is within view of both the eyes: (3), the eye cannot bo 
moved either upward, downward, or inward: (4), the pupil becomes 
dilated (mydriasis), and insensible to light: (5), the eye cannot "accom- 
modate" itself for vision at short diatances. 
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Contraction and Dilatation of the Pupil. — The relation of the 
third nerve to the iris is of peculiar interest. In ordinary circumstances 
the contraction of the iria is a reflex action, which may be explained as 
produced by the stimulus of light on the retina being conveyed by the 
optic nerve to the brain (probably to the corpora quadri^cmina), and 
thence reflected through the third nerve to the iris. Hcnco the imceasee 
to act when either the optic or the third nerve is divided or deatroyed, 
or when tlie corpora quadrigemina are destroyed or much compressed. 
But when the optic nerve is divided, the contraction of the iris may be 
excited by irritating that portion of the nerve which is connected with 
the brain; and when the third ner^-e is divided, the irritation of ite distal 
portion will still excite the contraction of the iris. 

' The contraction of the iris thus shows all the characters of a refleK. 
■ act, and in ordinarj' cases requires the concuixent action of the optio 
nerve, corpora quadrigemina, and third nerve; and, probably also, coa- 
sidering the peculiarities of its perfect mode of action, of the ophthalmic 
ganglion. But, besides, both irides will contract their pupils under the 
reflected stimulus of light falling only on one retina or under irritation 
of one optic nerve. Thus, in blindnesa of one eye, its pupil may contract 
when the other eye is exposed to a stronger light: and generally the con- 
traction of each of the pupils appears to be in direct proportion to tha 
total quantity of light which stimulates either one or both retime, accord- 
ing as one or both eyes are open. 

The iris acts also in association with certain other muscles supplied by 
the third nerve: thus, when the eye is directed inward, or upward and in- 
ward, by the action of the third Berve distributed in the rectus intemus 
and rectus superior, the iris contracts, as if under direct voluntair in- 
fluence. The will cannot, however, act on the iris alone throngh the 
third nerve: but this aptness to contract in association with the other 
muscles supplied by the third, may be sufficient to make it act even in 
total blindness and insensibility of the retina, whenever these mnsdetf 
are contracted. The contraction of the pupils, when the eyes are moved 
inward, as in looking at a near object, has probably the purpose of ex- 
cluding those outermost raj's of light which would be too far divergent to 
be refracted to a clear image on the retina; and the dilatation in looking 
straight forward as in looking at a distant object, permits the admission 
of the largest number of rays, of which none are too divergent Jto be so 
refracted. (For further remarks on the contraction and dilatation of the 
pupil, see pp. 205, 20*i, Vol. II.) 

FoiRTH Nerve. 
Functions. — The fourth nerve, or Nervus irochlearis or pat7wlic% 
is exclusively motor, and supplies only the trochlearis or obliquus superit 
muscle of the eyeball. 



i 



i 




THB NERVOUS SYSTEM. 



Fifth ok Thioemikal Nebve. 

Functions. — Thp fifth or trigeminal nerve resembleH, as nlreatly 
Btateii. the epiim) nerves, in that its branches are derived through two 
roots; nameh', the larger or sfnxory, in connection with which is the (Jaa- 
serian ganglion, and the smaller or motor root which has no ganglion, and 
which paasea tinder the ganglion of the sensory root to join the third 
branch or division which issues from it. The first and second divisions 
of the nerve, which arise wholly from the larger root, are purely Fensory. 
The third division being joined, as before said, by the motor root of the 
nerve, is of course both motor and sensory. 

(a.) Motor Functions. — Through branches of the leaser or nun- 
gaiiglionic portion of the fifth, the muscles of mastication, namely, the 
temporal, maeeeter, two pterygoid, anterior part of the digastric, and 
mylo-hyoid, derive their motor nerves. Filaments are also supplied to 
the tensor tympani and tensor palati. The motor function oC those 
branches is proved by the violent contraction of all the muscloB of masti- 
cation in eipcrimental irritation of the third or inferior maxillary division 
of the nerve; by paralysis of the same muscles, when it is divide^l or 
disorganized, or from any reason deprived of power; and by the retention 
of the power of these muscles, when all those supplied by the facial ucrve 
lose their power through (laralysis of that neno. The last instance proves 
bfst, that though the buccinator mnscle gives pjissage to, and receives 
some filaments from, a buccal branch of the inferior division of the fifth 
nerve, yet it derives its motor power from tho facial, for it is paralyzed 
together with the other musch's that are supplied by the facial, but 
retains its power when the other muscles of mastication are paralyzed. 
Whether, however, the branch of the fifth nerve which is supplied to the 
buccinator mnscle is entirely sensory, or in part motor also, must remain 
for the present dCubtfnl. From the fact that this muscle, besides its 
other functions, acts in concert or harmony with the muscles of mastica- 
tion, in keeping the food between the teeth, it might be supposed from 
analog}', that it would have a motor branch from the Simie nerve that sup- 
plies them. There can be no doubt, however, that the so-called buccal 
branch of the fifth is, in the main, sensory; although it is not qnite cer- 
tain that it does not give a few motor filaments to the buccinator muscle. 

(b.) Sensory Functions. — Through the branches of the greater or 
ganglionic portion of the fifth nerve, all the antejior and an tero- lateral 
parte of the face and head, with the exception of the skin of the parotid 
region (which derii-cs branches from the cervical spinal nerves), acquire 
common sensibility; and among these itarts may he included the organs 
of special sense, from which common sensations are conveyed through the 
fifth nerve, and their special sensations through their several nerves of 
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special sense. Tlie miiEclea, also, of the face and lower jaw acquire 
muscular Gcnsibility, through the filameuts of the ganglionic portion of 
the fifth nerve distributed to them, with their proper motor iierres. The 
aen8()ry function of the branches of the greater division of the fifth 
nerve is proved, by all the usual evidences, such as their distribution In 
parts that are sensitive and not capable of muscular contraction, the ex- 
ceeding sensibility of some of theae parts, their loss of sensation when 
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the nerve is paralysed or divided, the pain without convulsions produced.^ 
by morbid or esperimental irritation of the trunk or branches of the nerve, 1 
and tlie analogy of this portion of the fifth to the posterior root of the , 
spinal nerve. 

Other Functions, — In relation tomiismlar mo?'CTiieH/s, the branches J 
of the greater or ganglionic portion of tlio fifth nerve exercise a manifoUtV 
influence on the movements of the muscles of the head and face, i 
other parts in which they are distributed. They do so, in the first plac 
(a), by providing the miiBcles themselves with that sensibility vitbonl 
which the mind, being unconscious of their position and state, c 
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Tolantarily exercise them. It is, probably, for conferring this senBibility 
on tbe muscles, that the branches of the fifth nerve communicate so fre- 
qacntly with those of the fiiciat and hypogloesat, and the nerves of the 
muscles of the eye; and it is because of theloasaf this sensibility that 
when the fifth nerve ia divided, aoimaU arc always slow and awkwiinl in 
the movement of the muscles of the face and head, or hold them still, or 
guide their movements by the sight of the objects toward which they 
wish to move. 

Again, the fifth nerve has an indirect influence on the muscular move- 
ments by (h) conveying eeusations of the state and position of the skin 
and other parts: which the mind perceiving, is enabled to determine 
appropriate acts. Thus, when the fifth nerve or its infra-orbital branch 
is divided, the movements of the lips in feeding may cease, or be imper- 
fect. Bell supposed that the motion of the upper lip in grasping food 
depended directly on the infra-orbital nerve; for he found that, after he 
had divided that nerve on both sides in an ass, it no longer seized the 
food with its lips, but merely pressed them against the ground, and used 
the tongue for the prehension of the food. Mayo corrected this error. 
He found, indeed, that after the infra-orbital nerve had been divided, the 
animal did not seize its food with the lip, and could not use it well dnring 
mastication, but that it could open the lips. He, therefore, justly attrib- 
uted the phenomena in Bell's experiments to the loss of sensation in the 
lips; the animal not being able to feel the food, and, therefore, although 
it had the power to seize it, not knowing how or where to nse that power. 

llie fifth nerve has also (c), an intimate connection with muscular 
movements through the many reflex actA of muscles of which it is the 
necessary excitant. Hence, when it ia divided and can no longer convey 
impressions to the nervous centres to be thence reflected, the in-italion of 
the conjunctiva produces no closure of the eye, the mechanical irritation 
of the noBo excites no sneezing. 

Through its ciliary branches and the branch which forms the long 
root of the ciliary or ophthalmic ganglion, it exercises also (d), some in- 
flnence on the movements of the iris. 

When the trunk of the ophthalmic portion is divided, the pupil Ije- 
comee, according to Valentiii. contracted in men and rabbits, and dilated 
in cats and dogs; but in all CAses, becomes immovable even under all tho 
varieties of the stimulus of light. How the fifth nerve thus affects the 
iris is unexplained; the same effects are produced by destruction of the 
superior cervical ganglion of the sympathetic, so that, possibly, they are 
due to the injury of those filaments of the svmpathetic which, after join- 
ing the trunk of the fifth, at and beyond the Gaaaerian ganglion, proceed 
with the branches of its ophthalmic division to the iris: or. as R. Hall 
ingeniously suggests, the influence of the fifth nerve on the movunK'nts 
of the iris may be OKribed to the affection of vision in conBoi|U«ni<u of 
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the disturbed circulation of nutrition in the retina, when the Qorinal in- 
fluence of the fiith neire and ciliary ganglion is diBturbed. In such die- 
turbance, increased circulation making the retina more irritablo niighb^ 
induce extreme coutractiun of the iris; or under moderate litimulua <£ij 
light, producing partial blindness, might induce dilatation; but it does n 
ajipear why, if this be the true explanation, the iris should in thither c 
be immovable and nnalfccted by the vjiriouB degrees of light. 

Trophic iVy?tfe«cc,^ Furthermore, the morbid eBccta which <livision <j 
the fifth nerve produces in the orgauB of special sense., make it probabl 
that, in the normal Btute, the fifth nerve eiercises some trophic inflaenM 
on all these organs; although, in part, the effeet of the section of t 
nerve is only indirectly destructive by abolishing sensation, aiid thereft^ 
the natural safeguard which leads to the protection of parta from ( 
ternul injury. Thus, after such division, within a period var}'ingf: 
twenty-four hours to a week, the cornea begins to be opaque; then | 
grows completely white; a low destructive inflammatory process ensues il 
the conjunctiva, sclerotica, and interior parts of the eyi:; and within o 
or a few weeks, the whole eye may bo quite disorganized, and the c 
may slough or be penetrated by a large ulcer. The sense of smelt (and n 
merely that of mechanical irritation of the nose), may be at the t 
time lost or gravely impaired; so may the hearing, and commonly, when' 
ever the fifth nerve is paralyzed, the tongue loses the sense of taste in il^ 
anterior and lateral parts, i.e., iu the portion in which the lingual t 
gustatory branch of the inferior maxillary division of the fifth is di^ 
tributed. 

/71 relation to Taste. — The loss of the sense of taste is no doubt due {da 
to the lingual branch of the fifth nerve being a nerve of special sent 
partly, also, it is due (6), to the fact that this branch supplies, in I 
anterior and lateral parts of the tongue, a necessary condition tor th^ 
proper nutrition of that part; while (c), it forma also one chief link t 
the nervous circle for reflex action, in the secretion of saliva (p. 231, Vol 
I.). But. deferring this question until the glosso- pharyngeal nerve !a tt 
be considered, it may bo observed that in some brief time after complete 
paralysis or division of the fifth nerve, the power of all the organs of the 
special senses may be lost; they may lose not merely their sensibility to 
common im])ressions, for which they all depend directly on the fifth 
nerve, but also their sensbility to their several peculiar impressions for 
the reception and conduction of which they are purposely constructed 
and supplied with special nerves besides the fifth. The facts observed in 
these cases can. perhaps, be only explained by the influence wiiich the 
fifth nerve exercises on the nutritive processes in the organs of the special 
senses. It is not unreasonable to believe, that, in paralysis of the fiftbj 
nerve, their tissues may be the seats of such changes as are seen in tlM 
laxity, the vascular congestion, tedema, and other affections of the akli^ 
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of the face and other teguineiitary parts wliicli ulso accompany tiie puml- 
yais; and tliat these changes, wliioh muy appeur unimportant whi-n tljey 
affect external parts, are euitic^iout to destroy that refinement of struetui-e 
by which tlie organs of the special Beusea are adapted to their fuiictione. 

That complete paralysis of the fifth nerve may be unuccom panted, at 
least for a considerable jjeriod, by injury to the organs of special sense, 
with the exception of that portion of the tongue which is supplied by iti 
gustatory hraiich, is well illustrated by a valuable case recorded by 
Althaus. 

According to Magendie and Longet, destruction of the eye onsuca 
more quickly after division of the trunk of the fifth beyond the Gas- 
eerian ganglion, or after division of the ophthalmic branch, than after 
division of the roots of the fifth between the brain and the ganglion. 
Hence it would appear as if the influence on nutrition were conveyed 
in part through the filaments of the sympathetic, which joins the 
branches of the fifth nerve at and beyond the Gasserian ganglion. 

The existence of ganglia of the sympathetic in connection with all 
the principal divisions of the fifth nerve where it gives off those bnuiches 
which supply the organs of special sense — for example, the connection of 
the ophthalmic ganglion with the ophthalmic nerve at the origin of the 
ciliary nerves; of the spho no-palatine ganglion with the suiterior maxil- 
lary division, where it gives its branches to the nose and the palate; of 
the otic ganglion witli the inferior maxillary near the giving off of fila- 
ments to the internal ear; and of ttie sub-moxillar)' ganglion with the 
lingual branch of the fifth — all these connections suggest that a peculiar 
and probably conjoint influence of the sympathetic and fifth nerves is 
exercised in the nutrition of the organs of the special senses; and the 
leaults of experiment and disease confirm this, by showing that the 
nutrition of the organs may be impaired in consequence of impairment of 
the power of either of the nerves. 

7/1 relation to Sight. — A possible but doubtful connection between the 
fifth nerve and the sense of sight, has been thought to be shown in cases 
in which blows or other injuries implicating the frontal nerve as it passes 
over the brow, are followed by total blindness in the corresjionding eye. 
In some cases the blindness occurs at once, probably from concnssion of 
the retina; but in others it is very slowly progressive, as if from defective 
nntrition of the retina, and may be accompanied with inflammatory dis- 
organization, like that previously referred to {p. 141, Vol. II. ). The con- 
nection of the fifth nerve with the result must, however, be considered 
▼ery doubtful. 

Sixth Nerve. 

Functions. — The sixth nerve, Nervus abtlticens or oculan* externua, 
is also, like the fourth, exclusively motor, and supplies only the rectus 
extern us muscle. 

The rectus extemus is convula^, and the eye is turned outwiutl, when 
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the sixth nerve is irritated; and the mnscle ie paralyzed when the nerve u 
divided. In all aucli cases of paralysis, the eye aquints inward, and cannot 
be moved outward. 

In its course through the cavemouB einns, the sixth nerve forms larger 
communieatiouB with the sympathetic nerve than any other nerve 
within the cavity of the skull does. But the import of these comrauni- 
cations with the sympathetic, and the subsequent distribution of it« tila- 
nieuta after joining the sixth nerve, are quite nnknonii. ] 

Seventh oe Facial Neeve. j 

Functions. — The facial or portio dura of the seventh pair of nerves, 

is the motor nerve of all the muscles of the face, including the platysmo, 
but not including any of the muscles of mastication already enumerated 
{p. 225, Vol. I.); it supplies, also, the parotid gland, and through the 
connection of its trunk with the Vidian nerve, by the petrosal nerves, 
some of the muscles of the soft palate, probably the levator palati anil 
azygos uvulte; by its tympanic branches it supplies the stapedius and laxator 
tynipani, and, through the otic ganglion, the tensor tympani; through 
the chorda ttfmpatU it sends branches to the submaxillary gland and to 
thelingualisaudsomeother muscular fibres of the tongue; and by branches 
given oS before it comes upon the face, it supplies the muscles of the ex- 
ternal ear, tJie posterior part of the digastricus, and the stylo- hyoidens. 

Besides its inolor influence, the facial is also, by means of the fibres 
which are supplied to the submaxillary and parotid glands, a gecrelory 
nerve. For, through the last-named branches, impressions may be con- 
veyed which excite increased secretion of saliva (p. 232, Vol. I.). 

Symptoms of Paralysis of Facial Nerve.— When the facial nerve 
is divided, or in any other way paralyzed, the loss of power in the muscles 
which it supplies, while proving the nature and extent of its functions, 
displays also the necessity of its perfection for the perfect exercise of all 
the organs of the special senses. Thus, in paralysis of the fitcial nerve, 
the orbicularis palpebrarum being powerless, the eye remains open through 
the unbalanced action of the levator palpebrte; and the conjunctiva, thus 
continually ejqiosetl to the air and the contact of dust, is liable to repeated 
inflammation, which may end in thickening and opacity of both its own 
tissue and that of the cornea. These changes, however, ensue much 
more slowly than those which follow paralysis of the fifth nerve, and never 
bear the same destructive character. 

The sense of hearing, also, is impaired in many cases of paralysis of 
the facial nerve; not only in such as are instances of simultaneous disease 
in the auditory nei-ves, but in such as may be explained by the loss of 
power in the muscles of the internal ear. The sense of smell is commonly 
at the same time impaired through the inability to draw air briskly Inward 
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the upper part of the nasal caritioe in which part alone the olfactory nerve 
is distributed; becuuGe, to draw the air perfectly iu this direction, tlie 
action of the dilators and compressors of the nostrils should be perfect. 

Lastly, the sense of taste is impaired or may be wholly lost in paralysis 
of the facial nerve, provided the source of the paralysis be iu some part 
of the nerve between its origin and the giving off of the chorda tympaui. 
This result, which has been observed in many instances of disease of the 
facial nerve in man, appears explicable by the infuenco which, through 
the chorda tympaui, it exercises ou tho movements of the lingualis and 
the a<ljacent muscular fibres of the tongue; and on the process of secre- 
tion of saliva. 

Together with these effects of paralysis of the facial nerve, the muscles 
of the face being all powerless, the countenance acquires on the paralyzed 
side a cliaracteristic, vacant look, from the absence of oil expression: the 
atigl« of the mouth is lower, and tiie paralyzed half of the mouth looks 
longer than that ou the other side; the eye has an unmeaning stare. All 
these peculiarities increase, the longer the paralysis lasts; and their ap- 
])earauce is exaggerated when at any time the muscles of the opposite 
side of the face are made active in any expression, or iu any of their 
ordiuary functions. In an attempt to blow or whistle, one side of the 
month and cheek acts properly, hut the other side is motionless, or flafM 
loosely at the impulse of the expired air; so in trying to suck, one side 
only of the mouth acts; iu feeding, the lips and cheek are powerless, and 
food lodges between the cheek and gum. 

Glosso-Phabtnoeal Nerve. 

The glosso -pharyngeal nerves (IG, Fig. 347), in the enameration of the 
cerebral nerves by numbers according to the position in which they leavo 
the cranium, are considered as divisiona of the eighth pair of nerve», in 
which term are included with them the pneumogastric and accessory 
nerves. But the union of the nerves under one term is inconvenient, 
altliough in some parts the glosso- pharyngeal and pneumogastric are so 
combined in their distribution that it is impossible to separate them in 
either their anatomy or physiology. 

Distribution. — The glosso-phannageal nerve gives filaments through 
its tympanic brunch (Jacobson's nerve,) to the fenestra ovalis, and fenestra 
rotunda, and the Eustachian tube; also, to the carotid plexus, and, 
through the i»etrosal nerve, to the spheno-palatine ganglion, After com- 
mnnicuting. either within or without the cranium, with (he pneumogas- 
tric, and soon after it leaves the cranium, with the s^'mpathetic, digastric 
branch of the facial, and the accessory nerve, the glosso-pharyngeal nerve 
partsintothetwo principal divisions indicated by its name, and supplies 
the mucous membrane of the posterior and lateral wails of the upper port 
Vol. U,— 10. 
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of tho pharyns, the EuBtui.-liiiiii tube, the arches of the palate, the tonsila 
and their ituicons inembniiie, mid the touguti as fiir forward afi the foramen 
cfflcum ill tlie middle line, and to near the tip at the sidea and inferior 
part. 

Functions. — Tho glosso-pharyngeal nerve contoiua some motor 
together with those of common scnHfttion and tlie eewBe of tafite. 1 
muscles which receive hJamentB from the glosso* pi laryngeal are the 
pharyugei, palato-gloBsi, and constrictors of the pharynx. 

Besides being {2) u nerve of common sensation in the ports which it , 
supplies, and a centripetal nerve through which impressions ore conveyed 
to bo redected to the adjacent muscles, the glosso-pharyngeal is also a 
nerve of special sensation; being the nerve of taste, in all the parts of 
the tongue and palate to wliich it is distributed. After many discussioni, 
the question. Which is the nerve of taste? — the lingual branch of the fifth, 
or the glosao-pbaryngeal? — may be most probably answered by stating 
that they are both nerves of this special function. For very numerous 
experiments and cases have shown that when the trunk of the fiftli nerve 
or its lingual branch is paralyzed or divided, the sense of taste is completely 
lost in the superior surface of the anterior and lateral parts of the tongue. 
The loss ia instantaneous after division of the nerve: and, therefore, cannot 
be ascribed to the defective nutrition of the part, tliough to this, perhaps, 
may be ascribed the more complete and general loss of the sense of taste 
when the whole of the fifth nerve has been paralyzed. 

But, on the other hand, while the loss of taste in the part of the tongue 
to which the lingual branch of the fifth nerve is distributed proves that to 
be a gustatory uerve, the fact that the sense of taste is at the same time 
retained in the posterior and postero-lateral parts of the tongue, and in the 
soft palate and its anterior arch, to which (and to some parts of which 
exclusively) the glosso-pharyngeal is distributed, proves that this also 
must be u nerve of taste. ■ 

Pneumooastric or Vagus Nerve. ^ 

Distribution. — The pneumogaslric nerve, nemis vngvs, or par vagmn 
(1, Fig. 347), has, of all the cranial and spinal nerves, the most variooB 
dislribution, and influences the most various functions, cither through its 
own filaments, or those which, derived from oilier nerves, are mingled in 
its branches. The parts supplied by the branches of the vagua nerve are 
as follows: by its pharyngeal branches, wliieh enter the pliaryngesl ^ 
plexus, a large portion of the mucous membrane, and, probably, all t 
muscles of the Pharynx; by the superior laryngeal nerve, the mucous meiD»3 
brane of the under surface of the Epiglottis, the Glottis, and the g 
part of the Larynx, and the crico-thyroid musclo; by the inferior 1 
geul uerve, the mucous membrane and muscular fibres of the Trache^ 
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the lower pari of tlie phtirjnx and larynx, uiid all thoiiiQscles of the iuryiix 
except the crico-thyrojd; by u'Hophageal branches, tho mucoua membrane 
and muscular coutg of the (Esophagus. Moreover, the branches of the 
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form a large jKirtioii of the snpplj of nerves to the Heart and tho 

Arteriofl through the cardiac nerves, derived from both the tnink 

recurrent nerve; to the Lungs, tlirough both the anterior and 
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the posterior pulmonary plexuses; and to the Stomach, by its tei 
branches passing over the walla of that organ; while branches are also 
diati-ibiited to tlie Liver and to the Spleen. 

Communications.— Throughout its whole course, the vagus contains 
both sensory and motor fibres; but after it has emerged from the skull, 
and in some instances even sooner, it enters into bo many anastomoses 
tliiit it is hard to say whether the fikments it contains are, from their 
origin, its own, or whether they are derived from other nerves combining 
witli it. This is particularly the case with the filaments of the sympatlietic 
nerve, which are abundantly added to nearly all its branches. The likeness 
to the sympathetic which it thus acquires is further increased by its contain- 
ing many filaments derived, not from the brain, but from its own petrosaJ 
ganglia, in which filaments originate, in the same manner as in the gangiifl 
of the sympathetic, so abundantly that the trunk of tlie nerve is visibly 
larger below the ganglia than above them (Bidder and Volkmann). Next 
to the sympathetic nerve, that which most communicates with the vagus 
is the accessory nerve, whose internal branch joins its trunk, and is lost 
in it. 

Functions. — The most probable account of the particular function! 
which the branches of the pneumogastric nerve discharge in the several 
parts to which they are distributed, may be drawn from John Reid's ex- 
periments on dogs. They show that. — 1. The pharyngeal branch is the 
principal molor nerve of the pharynx and soft palate, and is most probably 
wholly motor; the chief part of its motor fibres being derived from the 
internal branch of the accessory nerve. 2. The inferior or reeii) 
laryvgeal nerve is the motor nerve of the larynx. 3. The superior laryn- 
geal nerve ia chiefly sensory: the only muscle supplied by it being the 
crico-thjToid. 4. The motions of the (esophagus, the stomach and part 
of the small intestines, are dependent on motor fibres of the vagus, and are 
probably excited by impressions made upon sensitive fibres of the sam6. 
5. The cardiac branches communicate, from the centre in the medullary 
channel, impulses (inhibitory) regulating the action of the heart. C. 
The pvlijiotiarg branches form the principal channel by which the sensory 
impressions on the mucous surface of the trachea, bronchi and lungs that 
influence respiration are transmitted to the medulla oblongata; and 
some fibres also supply motor influence to the muscular portions of the 
fibres of the trachea and bronchi. 7. Branches to the stomach and inteft^ 
tines not only convey motor but also vnno-mo/or impulses to those organs 
8. The action of the so-called depressor branch (p. 154, Vol. I.) in inhib- 
iling the action of the vaso-molor centre has already been treated of. as 
has also the influence of the vagus in stimulating the secretion of the sali- 
vary glands, as in the nausea which precedes vomiting (p. 233, Voh I.). 
To summarize, therefore, the many functions of this nerve, it may be sud 
that it supplies motor influence to the pharynx and (esophagus, to stomach 
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and small intestine, and to the larynx, trachea, bronchi and lung; sensory 
and in part vaso-motor iuHuence to the same regions; mkibiiory induence 
to the heart; inhibitory afferent impulses to the vaso-motor centre; exciio- 
eccrttory to the salivary glands; excito-motor in coughing, vomiting, etc. 

Effects of Section. — Division of both vagi, or of both their recur- 
rent branches, is often very quickly fatal in young animals; but in old 
animals the division of the recurrent nerve is not generally fatal, and 
that of both the vagi is not always fatal, and, when it is so, death ensues 
slowly. This difference is, probably, because the yielding of the carti- 
lages of the larynx in young animals permits the glottis to be closed by the 
atmospheric pressure in inspiration, and they are thus quickly suffocated 
unless tracheotomy be performed. In old animals, the rigidity and 
prominence of the arytenoid cartilages prevent the glottis from being 
completely closed by the atmospheric pressure; even when all the muscles 
are paralyzed, a portion at its posterior part remains open, and through 
this the animal continues to breathe. 

In the case of slower death, after division of both the vagi, the lungs 
are commonly found gorged with blood, cedematous, or nearly solid, with 
a kind of low pneumonia, and with their bronchial tubes full of frothy 
bloody fluid and mucus, changes to which, in general, the death may be 
proximately ascribed. These changes are due, perhaps in part, to the 
influence which the nerves exercise on the movements of the air-cells and 
bronchi; yet, since they are not always produced in one lung when its 
nerve is divided, they cannot be ascribed wholly to the suspension of 
grganic nervous influence. Rather, they may be ascribed to tiie hindrance 
to the passage of blood through the lungs, in consequence of the dimin- 
ished supply of air and the excess of carbonic acid in the air-cells and in 
the pulmonary capillaries; in part, perhaps, to paralysis of the blood- 
reasels, leading to congestion; and in part, also, they appear duo to the 
passage of food and of tlie various secretions of the mouth and fauces 
through the glottis, which, being deprived of its sensibility, is no longer 
stimulated or closed in consequence of their contact. 



vagus, 



io other functions of Vagi. — Regarding the inflnence of the 
a^so Heart (p. J2G. Vol. I.), Arteries (p. 154. Vol. I.). Salivary 



Gland (p. 232. Vol. I.), Glottisand Larynx (p. 2(1^, Vol. I.), Trachi 
Bronchi (p. 183, Vol. I.), Lungs (p. 202, Vol. I.), Pharynx and CEsophagus 
(p. 839, VoL L), Stomach (p. 252, Vol. L). 



Spinal Accessobt Nervb. 

The principal branch of the accessory nerve, its external branch, snp- 
plioa the stemo-mastoid and trapezius muscles; and, though pain is produced 
by irritating it, is composed almost exclusively of motor fibres. It is very 
probable that the accessory ner^'e gives some motor filaments to tlie vagus. 
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For, among the experiments made on this pouit, many have shown that 
when the acceaeorj nerve is irritated within the skull, convulsive move- 
ments ensue in some of the muscles of the lurjnx; all of which, as already 
stated, are supplied, apparently, by branches of the vagna; and (which 
is a very significant fact) V'rolik states that in the chimpanzee the internal 
branch of the accessory does not join the vague at all, but goes direct to J 
the larynx. 

Among the roots of the accessory nerve, the lower, arising from t 
spinal cord, appear to be composed eiclusivcly of motor fibres, and to b 
destined entirely to the trapezius and stemo-mastoid muscles; the uppc 
fibres, arising from the medulla oblongata, contain many sensory as v 
as motor fibres. 

Hypoglossal Kerve. 



Distribution. — The hypoglossal or ninth nerve, or nto/o lingiia, 
has a peculiar relation to the muscles connected with the hyoid bone> 
including those of the tongue. It supplies through its descending branch 
(ik»cendens noni), the sterno-hyoid, ste mo- thyroid, and omo-hyoid; 
through a special branch of the tliyro-hyoid, and through its lingual 
branches the genio-hyoid, stylo-glossus, hyo-glossua, and genio-hyo-glosaa%. 
and lingualcs. It contributes, also, to the supply of the submaxillai; 
gland. 

Functions. — The function of the hypoglossal is exclusively moba^j 
except in so far as its descending branch may receive a few sensory 
ments from the first cervical nerve. As a motor nerve, its influence 
all the muscles enumemted above is shown by their convulsions when 
is initated, and by their loss of power when it is paralyzed. The effects 
of the paralysis of one hypoglossal nerve are, however, not very striking ti 
the tongue. Often, in cases of hemiplegia involving the functions of the 
hypoglossal nerve, it is not possible to observe any deviation in the direc- 
tion ot the protruded tongue; probably because the tongue is so compact 
and firm that the muscles on either side, their insertion being nearly 
parallel to the median line, can push it straight forward or turn it for 
some distance toward either side. 
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Spinal Nerves 



Functions. — Little need be added to what baa been already said aCI 
these nerves (pp. 93 to 97, Vol. II,). The anterior roots of the spinal J 
nerves are formed exclusively of motor fibres; the posterior roots excin- I 
Bively of sensory fibres. Beyond the ganglia, all the spinal nerves are.l 
mixed nerves, and contain as well sympathetic filaments. 
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The Stmpathetio Nebvb. 

The general diffErences between the Rbres of the cfirebro-epinal and 
ejmpatbetic nervea have been already stated (pp. 71, 72, Vol. II.), but 
the different modee ol action of the two syetems cannot be referred to the 
different etnicture of their fibres. It la probable, however, that the laws 
of conduction by the fibres are in both Bystemii the same, am) that the 
difTerences manifest in the modes of action of the systems aro ilue to tho 
multiplication and separation of the nervous centres of the symputlictic; 
^nglin, or nerve-centres, being pUced in connection with the dbres of 
the sympathetic in nearly all parts of their course. 

Distribution. — l. Fibres are distributed to all plain or unstriped 
muscular fibres, as those of the blood-vessels (vaeo-motor nerves), of tiie 
muscular coats of the intestines and other hollow viscera, of gland-ducts, 
of the iris and ciliary muscle in the eye, and elsewhere. 

The va«o-motor fibres come originally from the vago-motor centre in 
the medulla oblongata; and, issuing from the spinal cord, communicate 
with tiie pne-vertebral chain of ganglia, and are thence, as branches 
from these, distributed to the Blood-vessels. 2. Fibres (accelerating) are 
distributed to the Heart. 3. Secretory fibres (in addition to vaso-motor) 
are distributed to the salivary, and presumably to other secreting glands. 
4. Intercentral or inter-gangliomo fibres. 6. Cenln'pefal fibres proceeil- 
ing to the vaso-motor centre in the medulla; to the various sympathetic 
ganglia; and probably to all cerebro-spinal nerve-centres. Tho jieriph- 
era! distribution of these centripetal fibres is, without doubt, chiefly in 
the parts or organs to which the centnftiijal fibres of the same sys- 
tem arc mainly distributed. But they are also present in all those 
other parts of the body which belong more especially to the Cerebro- 
spinal system. 

Structure. — The sympathetic ganglia all contain — (1), nerve-fibres 
traversing them; (3), nerve-fibres originating in them; (3), nerve or 
ganglion corpuscles, giving origin to these fibres; and (4), other corpuscles 
that ap))ear free. In the sympathetic ganglia of the frog, ganglion- cells 
of a very complic«teil structure have been described by Beale and sub- 
sequently by Arnold. The cells arc enclosed each in a nucle^ited cjipsule: 
they are pyriform in shape, and from the pointed end two fibres are 
given oft, which gradually ac([uire the characters of nerve-fibres: one of 
them is straight, and the other (which sometimes arises from the cell by 
two roots) is spirally coiled around it. 

In the trunk, and thence proceeding branches of tho sympathetic, 
there appear to be always — (1), fibres which arise in its own ganglia; (2), 
fibres derived from tho ganglia of the cerebral and spinal nerves; (3), 
fibres derived from the brain and spinal cord and transmitted through the 
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no ccrtuinty timt in structure the branches of cerebral or epinal nerves 
differ alwuys from those of the sympathetic system, it is impoBsiblc in 
the present state of our liuowlcdge to be sure of the Bourco of fibres 
which from their structuro might Icud the obson-er to believe that they 
arose from the brsin or spinal cord on the one hand, or from the eym- 
pathetic ganglia on the other. lu other words, although the large white 
mcduUated fibres are eBpecially cbaracteristic of cerebro-spinal nerves, and 
the pale or non-medullated fibres of a sympathetic nerve, in which they 
largely preponderate, there is no certainty to be obtained in a doubtful 
caae, of whether the nerve-fibre ia derived from one or the other, from 
mere examination of iu structore. It may be derived from either source. 

Fiuicttons. — It may be stated generally that the sympathetic nerve- 
fibres are simple conductors of impressions, as are those of the Cerebro- 
spinal system; and that the ganglionic centres have (each in its appropri- 
ate sphere) the like powers both of conducting, transferrittg, refiectiiig, 
and possibly of augmenting or of inhibiting impressions mode on them. 

The power possessed by the sympathetic ganglia of conducting impres- 
sions is sufficiently proved in disease, as when any of the viscera, usually 
uafelt, give rise to sensations of puiu, or when a part not commonly sib- 
jeot to mental influence is eicited or retarded in its actions by the vari- 
ous conditions of the mind; for in all these cases impressions must be 
conducted to and fro through the whole distance between the part and 
the spinal cord and brain. So, also, in experiments, now more than 
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sufficiently mimeroua, irritutioite of the Bcmilunar ganglia, the eplaiichnio 
nerves, the thoracic, hepatic, und other ganglia and nerves, have elicited 
expressiona of pain, and have excited movements in the muscular orgaiu 
supplieil from the irritated part. 

In the case of pain, or of movements affected by mental conditions, it 
may be supposed that the conduction of impressions is effected throngb. 
the cerebro-spinal fibres which are mingled in alt, or nearly all, parts of 
the sympathetic nenes. There are no means of deciding this; hut if it 
be admitted that the conduction is effected through the cerebro -spinal 
nerve-fibres, then, whether or not they pass uninterruptedly between the 
brain or spinal cord and the part affected, it must be assumed that their 
mode of conduction is modified by the ganglia. For, if snch cerebro- 
spinal fibres are conducted in the ordinary manner, the parts should be 
always sensible and liable to the influence of tho ivnll, and impressions 
should be conveyed to and fro instantaneously. But this is not the case; 
on the contrary, through the branches of the sympathetic ner^'e and ita 
ganglia, none but intense impressions, or impressions exaggerated by tlia 
morbid excitability of the nerves or ganglia, can hg conveyed. 

Respecting the general action of the ganglia of the sympathetic nerre, 
.in reflex or other actions, little need be said here, since they may be taken 
as examples by which to illustrate the common modes of action of all 
nerve-centres {see p. 83, Vol. II.). Indeed, complex as the sympathetic 
system, taken as a whole, is, it presents in each of its parts a simplicity 
not to be found in the cerebro-spinal system: for each ganglion with 
afferent and efferent nerves forms a simple nervous system, and might 
serve for the illustration of all the nervous actions with which the mind 
is unconnected. 

The parts principally supplied with sympathetic nerves are usnally 
capable of none but involuntary movements, and when the mind acts oo 
them at all, it is only through the strong e.tcitement or depressing influ- 
ence of some passion, or through some voluntary movement with which 
the actions of the involuiitai^ part are commonly associated. The heart, 
stomach, and intestines are examples of these statements; for the heart 
and stomach, though supplied in large measure from the pnenmogastrio 
nen'es, yet probably derive through them few filaments except such ■• 
have arisen from their ganglia, and are therefore of the nature of sym- 
pathetic fibres. 

The parts which are supplied with motor power by the sympathetic nerve 
continue to move, though more feebly than before, when they are sepB» 
rated from their natural connections with the rest of the sympathetic sys- 
tem, and wholly removed from the body. Thus, the heart, after it is takes 
from the body, continues to beat in Mammalia for one or two minutes, 
in reptiles and Amphibia for hours; and the peristaltic motions of the 
intestine continue under the same circumstances. Hence tho motions of 
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iho parts supplied with iien^ea from the sympathetic are shown to be, in 
a moasiire, independent of the brain and spinal cord; thia independent 
maintenance of their action being, without doubt, due to the fact that 
they contain, in their own substance, the apparatns of gfthglia and nerve- 
fihres by which their motions are immediately governed. 

It seems to be a general rule, at least in animals that have both cere- 
bro-spinul and sympathetic nerves much developed, that the involuntary 
movements excited by stimnli conveyed through ganglia are orderly and 
like natural movomente, while those esciled through nerves without 
ganglia are convulsive and disorderly; and the probability is that, in the 
natnral state, it is through the same ganglia that natural stimuli, impress- 
ing centripetal nerves, are reflected through centrifugal nerves to the 
involuntary muscles. As the muscles of respiration are maintained in 
uniform rhythmic action chiefly by the reflecting and combining power 
of the medulla oblongata, so arc those of the heart, stomach, and intes- 
tines, by their several ganglia. And us with the ganglia of the sympa- 
thetic and their nerves, so with the medulla oblongata and its nerves dis- 
tributed to the respiratory muscles, — if these nerves of the medulla 
oblongata itself be directlyatimulated, the movements that follow are con- 
Tulflive and disorderly; but if the mednlla be stimulated through u cen- 
tripetal nerve, as when cold is applied to the skin, then the impressions 
are reflected so as to produce movements which, though they may be very 
quick and almost convulsive, are yet combined in the plan of the proper 
respiratory acts. 

Among the ganglia of the sympathetic nerves to which this co-ordina- 
tion of movements is to be ascribed, must be reckoned, not those alone 
which are on the principal tninke and branches of the sympathetic ex- 
ternal to any organ, but those also which lie in the very sul)Stance of the 
organs; such as those of the heart (p. 125, Vol. 1,). Those also may be 
included which have been found in the mesentery close by the intestines. 
Its well as in the muscular and sub-mucous tissue of the stomach and in- 
testinal canal (pp. 244, 255, Vol. I,), and in other parts. The extension 
of discoveries of such ganglia will probably diminish yet further the nnm- 
ber of instances in which the involuntary movements appear to l>e effected 
independently of nervous influence. 

Respecting the influence of the sympathetic system on various physi- 
ological processes, see Heart (p. 127, Vol, I.), Arteries {p. 152, Vol. I.), 
Animal Heat (p. 316, Vol. I.). Salivary Glands (p. ^3, Vol. I.), Stomach 
(p, 852, Vol. I.), Intestines (p. 355, Vol. I.). These are parts which have 
been specially investigated. But they are not in any way exceptional. 
All physiological processes must, of necessity, either directly or through 
vaso-tnotor fibres, be under the inflnence of the Sympathetic system. 

Influence of the Nervous System on Nutrition.— It has been 
held that the nervous system cannot bo essential to a healthy course of 
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nutrition, because in plitnts and the early embryo, and in tlie lov^ 
aniniiila, in which no nervous sj-stem isdeveloped, nutrition goes on with- 
out it. But thie is no proof tliat in animals which have a nervous systcni, 
nutrition may be independent of it; rather, it may be aseumed, that in 
ascending development, us one system after another is added or in- 
creased, so the highest (and, highest of all, the nervoiia system) will 
always be inserted and blended in a more and more intimate relation with 
all the rest; according to the general law, that the interdependence of 
parts augments with their development. 

The reason ableuesa of this assumption is proved by many facts show- 
ing the influence of the nervous system on nutrition, and by the most 
striking of these facts being observed in the higher animals, and especially 
in man. The influence of the mind in the production, aggravation, aad 
cure of organic diseases is matter of daily obser^'ation, and a sufficient 
proof of influence exercised on nutrition through the nervous system. 

Independently of mental influence, injuries either to portions of the 
nervous centres, or to individual nerves, are frequently followed by de- 
fective nutrition of the parts supplied by the injured nerves, or deriving 
their nervous influence from the damaged portions of the nervous centres. 
Thus, lesions of the spinal cord are sometimes followed by mortification 
of portions of the paralyzed parts; and this may take place very quickly, 
as in a case in which the ankle sloughed withiii twenty-four hours after 
an injury of the spine. After sucii lesions also, the repair of injuries in 
the paralyzed parts may take place leas completely than in others; so, in 
a case in which paraplegia was produced by fracture of the lumbar verte- 
brte, and, in the same accident, the humerus and tibia were fractured. 
The former in due time united: the latter did not. The same fact waa 
illustrated by some experiments, in which having, in salamanders, cut off 
the end of the tail, and then thrust a thin wire some distance up the 
spinal canal, so as to destroy the cord, it was found that the end of the 
tail was reproduced more slowly than in other salamanders in whom the 
spinal cord was left uninjured above the point at which the tail waa ampu- 
tated, ninstrations of the same kind are furnished by the several cases 
in which division or destruction of the trunk of the trigeminal nerve has 
been followed by incomplete aTid morbid nutrition of the corresponding 
side of the face; ulceration of the cornea being often directly or indirei-tly 
one of the consequences of such imperfect nutrition. Part of the wasting 
and slow degeneration of tissue in paralyzed limbs is probably referable 
also to the withdrawal of nervous influence from them; though, perhaps,. 
more is due to the want of use of the tisanes. 

Undue irritation of the trunks of nerves, as well as their division ot' 
destruction, is sometimes followed by defective or morbid nutrition. To 
this may be refen-ed the cases in which ulceration of the parts supplied 
by the Irritated nerves occui-s frequently, and continues so long as the 



^ 



4 



THB NBBTOUa STBTXU. 

irritation laata. Further evidence of the influence of the ner\'oHB syatem 
upon nutrition is furnished by thoBe caaes i"" which, from mental an;e:ui8h, 
or in severe neuralgic headaches, the bail' becomea grey very quickly, or 
even in a few hours, 

So many and varied facts leave little doubt that the nervous syBtem 
exercises an influence over nutrition as over other organic processes; and 
they cannot be easily csplaiued by supposing that the chiinges in the 
nutritive processes are ouly duo to the variations in the size of the blood- 
Teaaels supplying the affected parts, although this is. doubtless, one im- 
portant element in producing the result. 

The question remains, tlirough what claaa of nerves is the influence 
exerted? When defective nutrition occurs in parts rendered inactive by 
injury of the motor nerve alone, as in the muscles and other tissues of a 
paralyzed face or limb, it may appear as if the atrophy were the direct 
consequence of the loss of power in the motor nerves; but it is more prob- 
able that the atrophy is the consequence of the want of exercise of the 
parts; forif the muscles be exercised by artificial irritation of their nerves 
their nutrition will bo less defective. The defect of the nutritive process 
which ensues in the face and other parts, however, iu consequence of 
destruction of the trigeminal nerve, cannot be referred to loss of influence 
of any motor nerves; for the motor-nerves of the face and eye, as well its 
the olfactory and optic, have no share in the defective nutrition which 
follows injury of the trigeminid nerve; and one or all of them may bo 
destroyed without any direct disturbance of the nutrition of the parts 
they severally supply. 

It must be concluded, therefore, that the influence which is exercised 
by nerves over the nutrition of parts to which they are distributed is to 
be referred, in part or altogether, either to the nerves of common sensa- 
tion, or to the vuflo-motor nerves, or, ae it is by some supposed, to nerve 
fibres (trophic nerves), which preside specially over the nutrition of the 
tissues and organs to which they are supplied. 

It is not at present possible to say whether the infinence on nutrition 
is exercised through the cerebro-spinal or through the sympathetic nerves, 
vhich. in the parts on which the observation has been made, are generally 
combined in the same sheath. The troth perhaps is, that it may be ex- 
erted through either or both of these nerves. The defect of nutrition 
which ensues after lesion of the spinal cord alone, the sympathetic nerves 
being uninjured, and the general atrophy which sometimes occurs in con- 
sequence of diseases of the brain, seem to prove the influence of the 
cerebro-apinal system: while the observation that inflammation of the eye 
is a constant result of ligature of the sympathetic nerve in the neck, and 
many other observations of a similar kind, exhibit very well the influence 
ot the latter nerve in nutrition. 




Theol'qh the medinm of tlie Xervona system the mind obtains a 
knowledge of the existence both of the rarions ])arts of the body, and of 
the external world. This knowledge ia based upon genaatiotis resulting 
from the stimidation of cenaiu centres in the brain, by irritations eoa- 
veyed to them by afferent (sensory) nerves. Under nonnalcircnmatimces, 
the following Gtmctnres are necessary for fien;3atioii: (») A peripheral 
organ for the reception of the impression; (b) a nerre for condactinK it; 
(c) a nerve-centre for feeling or perceiving it, 

ClassificatiOD of Sensations. — Sensations may be conrenientl; 
classed as (1) common, and (2) .special. 

(1.) Common Sensations. — Under this head fall all those general sen- 
sations which cannot be distinctly localized in any particular i»irt of the 
body, such as Fatigne, Discomfort, Faintness, Satiety, together with 
Ilunger and Thirst, in which, in addition to a general diacomfort, there 
is in many persons a distinct sensation referred to the stomach or faucea 
In this class must also be placed the various irritations of the mucons mem- 
brane of the bronchi, which give rise to coughing, and also the scnsatinm 
derived from various viscera indicating the necessity of expelling their 
contents; e.(f.. the desire to deftecate. to urinate, and, in the female, tbe 
sensations which precede the expulsion of thefcetus. We must also include 
such sensations as itching, creeping, tickling, tingling, burning, aching, 
etc. , some of which come under the bead of /lain: they will be again referred 
to in describing the sense of Touch. It is impossible to draw a verj- clear 
line of demarcation between many of the common sensations above men-, 
tioned, and the sense of Touch, which forms the connecting link between 
the general and special sensations. Touch is, indeed, usually classed with' 
the special senses, and will be considered in the same group with them; 
yet it differs from them in being common to many nerves, e.g., all the 
sensory spinal nenes, the viigiis, glosso-pharyngeal, and fifth cerebnd 
nerves, and in its inii)ressions being communicable through many orgaiOk 
Among common sensations must also be ranked the mntcular senw,. 
which has been alreaily alluded to. It is by mejins of this sense that we' 
become aware of the condition of contraction or relaxation of the varioW 
muscles and groups of muscles, and thus obtain the information necessary 
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for their adjustment to varions purposes — standing, waliiing, gras])iiig, 
etc. Tbie muscular sensibility is shown in our power to estimate the dif- 
ferences between weights bv the different muscular efforts necessary to 
niav tliem. Considerable delicacy may be attained by practice, and the 
difference between 19} oz. in. one bund and 20 oz. in the other is readily 
appreciated (Weber). 

This sensibility with whicn tlje muscles are endowed must be carefully 
distinguished from the sense of conlael and of presnure, of which the 
skin is the organ. When standing erect, we can feel the ground (con- 
tact), and further llicre is a sense o( presnure, due to our feet being 
pressed against the ground by the weight of the body. Both these are 
derived from the skin of the sole of the foot. If now we raise the body 
on the toes, we are conscious (muscular sense) of a muscular effort mode 
by the muscles of the calf, which overcomes a certain resistance. 

(3.) Special Senxa/ioiis. — Including the sense of touch, the special 
senses are five in number — Touch, Taste. Smell, Hearing, Sight. 

DifTerence between Common and Special Sensations. — The 
most important distinction between common and special sensations is that 
by the former we are made aware of certain conditions of various parts of 
onr bodies, while from the latter we gain our knowledge of the external 
world also. Tliis difference will be clear if we compare the sensations of 
pain and touch, the former of which is a common, the latter a special 
sensation. "If we place the edge of a sharp knife on the skin, we feel 
the edge by means of our sense of touch; we perceive a sensation, and refer 
it to the object which has caused it. But as soon as we cut the skin with 
the knife, we feel pain, a feeling which wo no longer refer to the cutting 
knife, but which we feel within ourselves, and which communicates to 
Qs the fact of a change of condition in our own body. By the sensation 
of pain we are neither able to recognize the object which caused it, nor 
its nature" (Weber). 

General Characteristics: Seat. — In studying the phenomena of 
sensation, it is important clearly to understand that the iSe>i*orium, or 
seat of sensation, is in the Brain, and not in the particular organ (eye, 
oar> etc.) through which the sensory impression is received. In com- 
mon parlance we are said to see with the eye, hrar with the ear, etc., but 
in reality these organs are only adapted to receive impressions which are 
ocmducted to the sensorium, through the optic and auditory nerves re- 
Sipectively, and there give rise to sensation. 

Hsnoe, if the optic nerve is severed (although the eye itself is per- 
oninjured), vision is no longer possible; sioce, although the image 
a the retina us liefore, the sensory impression can no longer be coil- 
■Wfei to the sensorium. When any given sensatiou is felt, all that we can 
with certainty affirm is that the sensurium in the brain is excited. The 
excitii.g cause may be (in the vast majority of cases is), some object of 
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the external world {objective sensation) ; or the condition of the sensorimn 
may be doe to some excitement within the brain, tn which case the 
eation is termed subjective. The mind habitually refers senaatiuns to 
external causes; and beiiee, whenever tbey are fliibjective (due to canaea 
within the brain), we can hardly diveet ourselves of the idea of an er 
temal cause, and an illusion is the result. 

Illusions. — Numberless examples of such illusions might be qiiot«d. 
As familiar cases may be mentioned, humming and buzzing in the eara 
caused by some irritation of the auditory nerve or centre, and even musi- 
cal sounds and voices (sometimes termed auditory spectra); also so-called 
optical illusions: persons and other objects are described aa being seen, 
although not present. Such ilhisions are most strikingly exemplified in 
cases of delirium tremens or other forms of delirium, in which eats, rats, 
creeping loathsome forms, etc., are described by the patient aa seen with 
great vividness. 

Causes of Illusions. — One uniform infernal cause, which may act 
on all the nen-es of the senses in the same manner, is the accumulation 
of blood in their capillarj- vessels, as in congestion and inOammation, 
This one cause excites in the retina, while the eyes are closed, the sensa- 
tions of light and luminous flashes; in the auditory nerve, the sensation 
of liumniing and ringing sounds; in the olfactory nen'c, the sense of 
odors; and in the nerves of feeling, the sensation of pain. In the same 
way, also, a narcotic substance, introduced into the blood, excites in lbs 
nerves of each sense peculiar symptoms: m the optic nerves, the appear^ 
ance of luminous sparks before the eyes; in the auditory nerves, ' 'tinnitw 
aurinm"; and in the commouBensorynervea, the sensation of creeping over 
the surface. So, also, among erlemnl causes, the stimulus of electricity, 
or the mechanical influence of a blow, concussion, or pressure, excites in 
the eye the sensation of light and colors; in the car, u sense of a loud 
sound or of ringing; in the tongue, a saline or acid taste; and in the 
other parts of the body, a perception of peculiar jarring or of the mechan- 
ic-al impression, or a shock like it. 

Sensations and Perceptions.— The habit of constantly referring 
our sensations to external causes, leads us to interpret the various modifi- 
cations which external objects produce in our sensations, na properties 
of the external bodies themselves. Thus we sjieak of certain substanoea 
as possessing a disagreeable taste and smell; whereas, the fact is, their 
taste and smell arc only disagreeable to us. It is evident, however, that on 
this habit of referring our sensations to causes outside oureelveB (percep- 
tion), depends the reality of the external world to us: and more especially is 
this the case with the senses of touch and sight. By the co-operation of 
these two senses aided by the others, we are enabled gradually to attain 
a knowledge of external objects which daily experience confirms, until W6 
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come to place unbounded confidence in bat is termed the "evidence of 
the BeUBCS, " 

Judgments. — We mtiBt draw a diBtinction between mere senBations, 
and the jtidgmentB based, often unconficionsly, upon them. ThuB, in 
looking at a near object, we unconscioutdy estimate its distance, and Bay 
it BoeoiB to be ten or twelve feet oft: but the estimate of ite distance is in 
reality a jvdgtnent based on many things besides the appearance of the 
object itself; among which may be mentioned the number of intervening 
obJGcte, the number of steps which from past experience wo know we 
must take before we could touch it, and many others. 

Symptoms of Irritation of Nerves of Special Sense.— Irritation 
of the optic nerve, as by cutting it, invariably produces a sensation of 
light, of the auditor)' nerve a sensation of some modification of sound. 
Doubtless these distinct sensations depend not on any specialty in tlio 
structure of the nerves of special eense, but on the nature of their con- 
nections in the eensorium. 

Experiments seem to have proved that none of these nerves possess the 
facnlty of common sensibility. Thus, Magendie observed that when tlie 
olfactory nerves, laid bare in a dog, were pricked, no signs of pain wore 
manifested; and other experiments of his seem to show that both the 
retina and optic nerve are insusceptible of pain. Further, the optic 
nen'e is ingusceptible to the stimulus of light when severed from its con- 
nection with the retina, which alone is adapted to receive luminons im- 
pressions. 

Sensation of Motion is. tiko motion itself, of two kinds, — progres- 
sive and vibratory. The faculty of the perception of progressive motion 
is possessed chiefly by the senses of vision, touch, and taste. Thns an 
impression is jwrceived traveling from one part of the retina to another, 
and the movement of the image is mterpreted by the mind as the motion 
of the object. The same is the case in the sense of touch: so also the 
movement of a sensation of taste over the surface of the organ of taste, 
can be recognized. The motion of tremors, or vibrations, is perceived by 
several senses, but especially by those of hearing and touch. 

Sensations of Chemical Actions. — We are made acquainted with 
chemical actions principally by taste, smell, and touch, and by each of 
these senses in the mode proper to it. Volatile bodies, disturbing tho 
conditions of the nerves by a chemicjil action, exert the greatest influ- 
ence upon the organ of smell; and many matters act on tliat sense which 
produce no impression upon the orguns of taste and touch, — for example, 
many odorous substances, as the vapor of metals, such as lead, and tha 
Tapor of many minerals. Some volatile snbstances, however, are jwr- 
oeived not only by the sense of smell, but also by the senses of touch and 
taste. Thus, the vapors of horse-nulish and mustard, and acrid suffoca- 
ting gaw«. act upon the conjunctiva and the mucous membrane of the 
Vni.. n.-ii. 
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langB, exciting, through the common sensory nerves, merely modificationa. J 
of common feeling; and at the same time they excite the senfiatioiifi oim 
smell and of taste. 



Special Senses — Touch, 

-■j.Siiat.r— The sense of toiich ia not confined to particular parts of th»| 
iHldy.^ofmtall.extentjJiks tha other senses; on the contrarj^ allpiirtsca] 
We of'percejvingtfae presenee of a stimnlus by ordinary eeneation 
in certain degrees, l!ie seat of this sense; for touch is simply a moditi< 
ti>Mi or .oialtatMiejoCaiomiaoiiBensation or sensibility. The nen'es oi 
wliich the sense of touch dcijoiids ure, therefore, the same as those whiehi 
couier voi'dj nary sensation on the dilforent parts of the body, viz., thou' 
derivod froln. the pceterior root^.of the nerves of the spinal cord, and tl 
sensory cerebnil norvea.] J 

But, although all parts of the body supplied with sensory nervee 
thus, in some degree, ot^^fms of tOBch, yet the sense is exercised in per- 
fection only in those parts the seiUibility of which is extremely delicate, 
e.y,, the skin, the tongue, and tho lips, which are provided with sbim- 
dant papillffi. A peculiar and, of its own kind in each case, a very acute 
sense of touch is exercised tbrongli 'the medium of the nails and teel 
To a less extent the hair may beTeokoned. an organ of touch; as in tl 
case of the eyelashea. Tlie sense of toilch renders ns conscious of tho' 
presence of a stiumlus, from the slightest to the most intense degree of its 
action, bj^ihat indescribable eoniething which wn call feeling, or common 
sensation. The modifications of this sense often depend on the extent 
of- tho parts aBotrtad. The sensation of pricking, for example, informs 
us. that the' sensitive particles are intensely affected in a small extent; 
the Bensatiou of pressare indicates, a slighter affection of the parts in the 
gresitor extent, and to a greater depth. It is by the depth to which the 
paiis are affected that the feeling of pressure is distinguished from that" 
of mere contact. Schiff and Urown-S^qnard are of opinion that commi 
sensibility and tactde sensibility manifest theinaelves to the inditridual 
the:aid of different sets of fibres, Sieveking'bas anivad atthe: eaaRTdbi 
elusion from pathological observation. 

Varieties. — ■(«) The sense of tnuch. strictly so-called {tacttteseiraV' 
bility), (b) the sense of pressure, (c) the sense of tem/iera/ure. Tliese 
when carried beyond a certain degree are merged in (d) the SGiiSHtion of 
pain. . 

Tarious peculiar senaation^, such iis /Irkh'n'/, muat bo classed vith 
p^in under the head of common seiisatinii,-, simv Diey give ns no luTor- 
niation lis to external objects". Such sensafion.'', wlii'lhcr ploasiirable Or-' 
painfivl, nmin All oasesrefprred by the mind 'to 14i6. part affected, ftnd^'l 
not. to thecauae which stimulates the sensory nerves of the part. Tlxiil J 
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Bensation of tickling may be produced in many parta of the body, but 
with especial intensity in the aolea of the feet. Among other seiisttti one 
belonging to thia class, aiid confined to particular parts of the body, may 
bo mentioned those of the genital organs and nipples. 

[a) Touch proper. — In almost all parts of the body which have 
delicate tactile sensibility the epidermis, immediately over the papiUs, is 
moderately thin. When ita thickness is much increased, as over the heel, 
the sense of touch is very much dulled. On the other hand, when it is 
altogether removed, and the cutis laid bare, the sensation of contact is 
replaced by one of paiii. Further, in all highly sensitive parts, the 
{>apillai are numerous and highly vascular, aiid usually the sensory ner\'e8 
are connected with sjiecial End-organs, such as have been described 
(p. 337, Vol. I. ). 

The ucutenesB of the sense of touch depends very largely on the cuta- 
neous circulation, wliich is of course largely influenced by external 
temperature. Hence the numbness, familiar to every one, produced by 
the application of cold to the skin. 

Special organg of touch are present in most animals, amon^ which may 
be mentioned the antennte of insects, the "whiskers" (vibnssie) of cats 
and other carnivora, the wings of bats, the trunk of the elephant, and the 
hand of man. 

Judgment of the Form and Size of Bodies. — By the sense of 
tonch the mind is made acquainted with the siste, form, and other external 
charucters of bodies. And in order that these characters may he easily 
ascertained, the sense of touch is especially developed in those parts which 
^HH bo readily moved over the surface of bodies. Touch, in ita more 
limited sense, or the act of examining a body by the touch, consists merely 
in a voluntary employment of this sense combined with movement, and 
stands in the same relation to the sense of touch, or common sensibility, 
generally, as the act of seeking, following, or examining odors, docs to 
the sense of smell. The hand is best ajilapted for it, by reason of its 
peculiarities of structure, — namely, its capability of pronation and supina- 
tion, which enables it, by the movement of rotation, to examine the whole 
circumference of the body; the power it possesses of opposing the thumb 
to the rest of the hand, and the relative mobility of the lingers: and 
lastly from the abundance of the sensory terminal organs which it pos- 
•esses. In forming a conception of the figure and eitent of a surface, 
the mind multiplies the size of the hand or fingers used in the inquiry 
by the numlmr of times which it is contained in the surface tiaversed; 
and by repenting this process with regard to the different dimensions of a 
solid body, acquires a notion of its cubical extent, but, of course, only 
ftn imperfect notion, as other senses, e.ff., the sight, are required to make 
it complete. 
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Acuteness of Touch. — The perfection of the sense of toach on 

different parts of the surface is proportioned to the power which gnch 
parts possess of distinguishing and isolating the sensations produced by 
two points placed close together. This power depends, at least in part, 
on the number of primitive nerve-fibres distributed to the part; for the 
fewer the primitive fibres which an organ receives, the more likely is it 
that sevonU impressions on different contiguous points will act on onlv 
one nervous- fibre, and hence be confounded, and perhaps produce but 
one sensiition. Experiments have been made to determine the tactile prop- 
erties of different })arts of the skin, as measured by this power of distin- 
guishing distances. These consist in touching the skin, while the eyes 
iXYv olosoiK with the points of a pair of compasses sheathed with cork, and 
in i^i^ortuiuing how close the points of compasses might be brought to 
tvttoh oiUk'W and still be felt as two bodies. (E. H. Weber, Valentin.) 

Table of variations in the tactile sensibility of different parts. 

— The meiU<Hrttnent indicates the least distance at ichich the /r* 
blunt id iKtints of a pair of oympasses could be separate! if distin- 
yuishi'd. (K. II. Weber.) 



ii^: 



rio of tou^uo 

hJmar surfaoo of thinl phalanx of forefinger . 
ruliuar surface of soooud phalanges of fingers . 
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of interrening unexcited nerve-endingB are iiecesaary before two points 
toQched can he recognized as BepamtL', iiiid the greater tliU number the 
more clearly are the points of contact dietinguished as separate. By 
practice the delicacy of a sense of touch may be very much increased. 
A familiar illustration occurs in the case of the blind, who, by constant 
practice, can acfjiiire the power of reading raised letter* the forms of 
which are almost if not quite undistinguishable, by the sense of touch, 
to an ordinary peraon, 

The power of correctly localizing sensations of touch is gradually 
derived from eiporieiice. Thus infants when in pain simply cry, but 
make no effort to remove the cause of irritation, as au older child or adult 
would, doubtless on account of their imperfect knowledge of its exact 
situation. By long experience this power of localization becomes perfected, 
till at length the bruin possesses a complete "picture" as it were of the 
surface of the body, and is able with marvellous eiactness to localize each 
sensation of touch. 

Illusions of Touch. — The different degrees of sensitiveness jws- 
eessed by different parts may give rise to errors of judgment in estimating 
the distance between two points where the skin ia touched. Thus, if 
blunted points of a pair of compasses (maintained at a constant distance 
apart) be slowly drawn over the skin of the cheek toward the lips, it ia 
almost impossible to resist the conclusion that the distance between the 
points is gradually increasing. When they reach the li|)S they seem to 
be considerably farther apart than on the cheek. Thus, too, our estimate 
of the size of a cavity in a tooth is usually exaggerated when based upon 
sensation derived from the tongue alone. Another curious illusion may 
here be mentioned. If we close the eyes, and place a small marble or pcyi 
between the crossed fore and middle lingers, wo seem to be touching two 
marbles. This illusion is duo to an error of judgment. The marble is 
touched by two surfaces which, under ordinary circumsiuncos, could only 
be touched by two separate marbles, hence the mind, taking no cogni- 
xbliicv of the fact that the fingers are crossed, forms the conclusion that 
two sensations are duo to two marbles. 

(i) Pressure. — It is extremely difficult to separate touch proper from 
sensations of pressure, and, indeed, the former may be said to depend upon 
the latter. If the hand be rested on the table and a very light body such 
as a small card placed on it, the only sensation produced is one of contact; 
if, however, an ounce weight be laid on the card an additional sensation 
(that of pressure) is experienced, and this becomes more intense ns tho 
weight is increased. If now the weight be raised by the hand, we ore 
conscious of overcoming a certain resistance; this conscionsness is due 
to what ia termed the "muscular fense" (p. 119, Vol. II.), The estimate 
of a weight is, therefore, usually based on two sensations, (1) of pressure ou 
the skin, and (2) the mueoular sense. 
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The eetimute of weight derived from a combination of tliese two eenm- 
tions (aB in lifting a weight) is more ucnunite thau that derived from the 
fiirmer alone (aa when a weight is kid on the hand); tlma AVeber found 
tliat by the former method he could generally distinguish IWl oz, from 
SO oz., bnt not 19J oz. from 20 oz., while by tlie latter he could at moet 
only diBtinguieh 14} oz. from 15 oz. 

It is not the absolute, but the relative, amount of the difference 
weight which we have tlius the faculty of perceiving. 

It is not, however, certain, that our idea of amount of muEcnlar I 
used ia derived solely from senaution in the muscles. We have 
power of estimating very accurately beforehand, and of regulating, the 
amount of nervous mflnence necessary for the production of a certain de- 
gree of movement. When we raise a vessel, with the contenta of which 
we are not acquainted, the force we employ is determined by the idea we 
have conceived of its weight. If it should happen to contain some very 
heavy substance, as quicksilver, we ahall probably let it fall; the amount 
of muscular action, or of nervous energy, which we had exerted being in- 
sufficient. The same thing occurs sometimes to a peraen descending stairs 
in the dark; he makes the movement for the descent of a step whi^ does 
not exiat. It ia poasible that in the aame way the idea of weight and 
pressure in raising bodies, or in reaiating forces, may in part arise from 
a consciousness of the amount of nervous energy tmnsniitted from the 
brain rather than from a aensation in the muscles themselves. The men- 
tal conviction of the inability longer to aupport a weight must also be 
distinguished from the actual sensation of fatigue in the muBcles. 

So, with regard to the ideas derived from sensations of touch combined 
with movements, it is doubtful how far tlie consciousness of the extent 
of muscular movement ia obtained from sensations in the muscles them- 
aelves. The sensation of movement attending the motions of the hand ii 
very slight; and persons who do not know that the action of particnJar 
muscles is necessary for the production of given movements, do not ant- 
pect that the movement of the fingers, for example, depends on an action 
in the forearm. The mind has, nevertheless, a very definite knowledge 
of the changes of position produced by movements; and it ia on this that 
the ideas which it conceives of the extension and form of a body are in 
great measure founded. 

(c) Temperature. — The whole surface of the body is more or lees 

sensitive to differences of temperature. The sensation of heat is distinct 
from that of touch; and it would seem reasonable to suppose that thera J 
arc special nerves and nerve-endinga for temperature. At any rate the I 
power of discriminating temperature may remain unimpaired when th» ^ 
sense of touch is temporarily in abeyance. Thus if the ulnar nerve be 
compressed at the elbow till the sense of touch is very much dniled in 
the fingers which it supplies, the sense of temperature remains quite 
unaffected (Nothnagel). 

The sensations of heat and cold are often exceedingly fallacious, i 
in many cases are no guide at all to the absolute temperature as indicated'] 
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by a thermometer. All that we can with safety infer from our Bensations 
of temperature, is that a given object ie warmer or cooler than the ekin. 
ThuB the temperature of our skin ia the standard; and as this varies from 
hour to hour according to the activity of the cutaneous circulation, our 
estimate of the absolute temperature of any body muet neceesarily vary 
too. If we pnt the left hand into water at 40° F. and the right into water 
at 110° F. and then immerse both in water at 80° F., it will feel worm to 
the left hand but cool to the right. Again, a piece of metal which has 
rsally the same temperature as a given piece of wood will feel much 
colder, since it conducts away the heat much more rapidly. For the 
same reason air in motion feels very much cooler than air of the same 
temperature at rest. 

Perhaps the most striking example of the fallaciousncsa of our eensu- 
tions as a measure of temperature is afforded by fever. In a shivering fit 
of ague the patient feels excessively cold, whereas his actual temperature 
ia several degrees above the normal, while in the sweating stage which 
succeeds it ho feels very warm, whereas really his temperature has fallen 
several degrees. In the former case the cutaneous circulation is much 
diminisbeil, in the latter much increased; hence the sensations of cold and 
heat respectively. 

In some cases we are able to form a fairly accurate estimate of absolute 
temperature. Thus, by plunging the elbow into a bath, a practised bath- 
attendant can tell the temperature sometimes within 1° F. 

The temperatures which can be readily discriminated are between 
50° — 115''F. (10° — 45" C); very low and very high temperature alike 
produce a burning sensation. A temperature appears higher according 
to the extent of cutaneous surface exposed to it. Thus, water of a tem- 
perature which can be readily borne by the hand, is quite intolerable if 
the whole body he immersed. So, too, water appears much hotter to the 
hand than to a single finger. 

The delicacy of the sense of temperature coincides in the main with 
that of touch, and appears to depend largely on the thickness of the skin; 
hence, in the elbow where the akin is thin, the sense of temperature ia 
delicate, though that of touch iB not remarkably so. Weber has further 
ascertained the following facts: two compass points so near together on 
the skin that they produce but a aingle impression, at once give rise to 
two sensations, when one ia hotter than the other. Moreover, of two 
bodiea of equal weight, that which is the colder feels heavier than the 
other. 

As every sensation is attended with an idea, and leaves behind it an 
idea in the mind which can be reproduced at will, we are enabled to com- 
pare the idea of a past sensation with another sensation really present. 
Thus we can compare the weight of one body with another which we had 
previously felt, of which the idea is retained in onr mind. Weber was 
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indeed able to distinguish in this manner between temperatures, expeii- 
eiiced one after the otlier, better than between temperatures to which the 
two hands were simuitaueously aubjected. This power of comparing 
present with past eenaationa diminiBhua, however, in proportion to the 
time which has elapsed between them. Jfter-sensafion^ left by imprw-: 
sions on nerves of common sensibility or touch are very vivid and durabl 
As long as the condition into which the stimulus has thrown the orgi 
endures, the sensation also remains, though the exciting cause should have 
long ceased to act. Both painful and pleasurable sensations afford many 
examples of this fact. 

Subjective sensations, or sensations dependent on internal cause«, 
are in no sense more frequent than in the sense of touch. All the sensa- 
tions of pleasure and pain, of heat and cold, of lightness and weight, of 
fatigue, etc., may be produced by internal causes. Keuralgic pains, the 
sensation of rigor, formication or the creeping of ants, and the states ef 
the sexual organs occurring during sleep, afford striking examples of sub- 
jective sensations. The mind has a remarkable power of exciting sensfr- 
tiona in the nerves of common sensibility; just as the thought of the nau- 
seous excites sometimes the sensation of nausea, so the idea of pain gives 
rise to the actual sensation of pain in a part predisposed to it; uamerotu 
examples of this influence might be quoted. 
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Taste. 

Conditions Necessary, — The conditions for the perceptions of ti 
are: — 1, the presence of a nerve and nerve-centre with special endow- i 
ments; 3, the excitation of tlie nerve by the sapid matters, which for this 
purpose must be in u state of solution. The nerves concerned in the pn>- 
duction of the sense of taste have been already considered (pp. 142 and 14fl, 
Vol. 11.), The mode of action of the substances which excite taste e 
sists in the production of a change in the condition of the gustatory nen'e% I 
and the conduction of the stimulus thus produced to the nerve-centrej 1 
and, according to the difference of the substances, an infinite variety of 1 
changes of condition of the nerves, and consequently of stimulations of 
the gustatory centre, may be induced. The matters to he tasted must 
either be in solution or be soluble in the moisture covering the tongue; 
hence insoluble substances are usually tasteless, and produce merely sen- 
sations of touch. Moreover, for the perfect action of a sapid, as of an 
odorous substance, it is necessary that the sentient surface should be J 
moist. Hence, when the tongue and funces are dry, sapid substSQCC 
even in solution, are with diiBculty tasted. 

The nerves of tuste, like the ner%'e3 of other special senses, may haw 
their peculiar properties excited by various other kinds of irritation, suol 
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ae electricity and mechanical impreasions. Tims, Heiile observeU that a 
small cnrrent of air directed upou the tongiie gives rise to a cool saline 
taste, like that of saltpetre; and Buly has shown that a distinct sensation 
of taste, similar to that caused by electricity, may be produced by a smart 
tap applied to the papillw of the tongue. Moreover, the mechanical irri- 
tation of the fauces and palate produces the ecDsatioQ of nausea, which is 
probably only a mollification of taste. 

Seat of Sensation. — The principal seat of the Bonse of tasto is the 
tongue. But the results of experiments as well as ordinary experience 
shuw that the soft palate and its archce, the unila, tonsils, and probably 
the upper port of the pharynx, lire endowed with taste. These parts, 
togstber with the base and posterior parts of the tongue, are supplied 
with branches of the glosso- pharyngeal nerve, and evidence has been 
already adduced that the scubc of taste is conferred upon them by this 
nerre. In moat, thougli not in all persons, the anterior parts of the 
Umgae, especially the edges and tip, are endowed with the sense of taste. 
The middle of the dorsum is only feebly endowed with this sense, prob- 
ably because of the density and thickness of the epithelium covering the 
filiform papilla? of this i>art of the tongue, which will jirevent the sapid 
substances from penetrating to their sensitive parts. The gustatory prop- 
erty of the anterior part of the tongue is due, as already eaicl (p. 142, 
Vol. II.), to the lingual or gnstatory branch of the fifth nerve. 

Structure of the Tongue. — The tongue is a muscular organ covered 
by mucous membrane. Tlie muscles, which form the greater pari of the 
substance of the tongue (itifritisic muscles) are termed linguaUs; and 
by these, which are attached to the mucous membrane chiefly, its smaller 
and more delicate movements are chiefly performed. 

By other muscles {extrimi'! muscles) aa the genio-hyogloasus, the 
styloglossus, etc., the tongue is fixed to surrounding parts; and by this 
group of muscles its larger movements are performed. 

The mucous membrane of the tongue resembles other mucous mem- 
branes (p. 322, Voh I.) in essential points of structure, but contains 
papilla, more or leas {>eculiar to itself; peculiar, however, in details of 
structure and arrangement, not in their nature. The tongue is beset with 
numerous mucous (olliclps and glands. The use of the tongue in relation 
to mastication and deglutition has already been considered (pp. 220 and 
238, Vol. I.). 

The larger papiUm of the tongue are thickly set over the anterior two- 
tbirda of its upper surface, or dorsum (Fig. 349), and give to it its char- 
acteristic roughness. In carnivorous animals, especially those of the cut 
tribe, the papillee attain a large size, and are developed into sharp re- 
curved homy spines. Such papillfe cannot be regarded as sensitive, but 
they enable the tongue to play the part of a most efficient rasp, as in 
■craping bones, or of a comb in cleaning their fur. Their greater promi- 
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uence than those of the skin k due to their interspaces not being filled 
up with epithelium, aa the interspaces of the papilla of the ekin are. 
The papilla! of the tongue present eevenU iliversities of form; bat three 
principal varieties, differing both in seat and general characters, may 
usually be distinguished, namely, the (\)'circumvaUale, the (3) fungi- 
form, and the {3} filiform papillte. Essentially these have all of them 
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the same structure, that is to say, they are all formed by a projection of 
the mucous membrane, and contain special branches of blood-vessels and 
nerves. In details of structure, however, they differ considerably one 
from another. 

The surface of each kind is etudded by minute conical i 
mucous membrane, which tiius form secondary papillse. 
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Simple papillie also occur over most other parts of the tongue not 
occupied by the compound papilla, and extend for some distance behind 
the luipilliB ci re nm vallate. The mucous membrane immediately in front 
of the epiglottis is, however, free from them. They are commonly buried 
beneath the epithelium; henco they are often overlooked. 

(I.) Circumvallate.— These popiU» (Fig. 350), eight or ten in num- 
ber) are situate in two V-shuped lines at the base of the tongue (1, 1, 
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Fig. 349). They are circular elevations from ,"0 to T^jth of an inch wide, 
each with a central depression, and surronnded by a circular li&sure, iit 
the outside of which again is a slightly elevated ring, both the central 
elevation and the ring being formed of close set simple papillie (Fig. 3.5o). 

(2.) Fungi/onn, — The fungiform papilla (3. Fig. 349) lire scattered 
chiefly over the sides and tip, and spariugly oter the middle of the dor- 

, of the tongue; their name is derived from their being agually nar- 
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rower at their base than at their summit. Thoy also consist of groups of 
■iinple pftpillie (A, Fig. 351), each of which contains in its interior a loop 
of capillary blood-vessels (B), and a nerve-fibre. 

(3.) Conical or Filiform. — These, which are the most abundant 
papillae, are scattered over the whole surface of the tongue, but especially 
over the middle of the dorsum (Fig. 349). Thoy vary in shajie some- 
what, but for the most part are conical or filiform, and covered by a thick 
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layer of epidermis, which is arranged over them, either in an imbricated 
manner, or ia prolonged from their surface in the form of fine atiff pro- 
jections, hair-like in appearnuce, and in some instances in etructure also 
(Fig. 353). From their peculiar stractui-e, it seema likely that these 
popillffi have a mechanical function, or oue allied to that of touch rat 
than of taste; the latter sense being probably seated esjiecially in 
ther two Tarieties of pajiillie, the cirruvivnlh'fe and the/inii/ifc 

The epithelium of the tongue is stratified with the upper layers of the 
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squamous kind. It covers every part of the surface; but over the fungi- 
form papillte forms a thinner layer than elsewhere. Tlic epithelium cover- 
ing the filiform papillm is extremely dense and thick, and, as before men- 
tioned, projects from their sides and summits in the form of long, stiff, 
hair-like processes (Fig. 353). Many of these processes bear a close re- 
semblance to hairs. Blood-vessels and nerrea are supplied freely to Uie 
papillfe. The nerves in the fungiform and circumvallate papillee form ft 
kind of plexus, spreading out brush-wise (Fig. 350), but the exact modft'l 
of termination of the nen'e- filaments is uot certainly known. 



■nm SENSES. 1 

Tl'c/t' Ooblftx. — In the circum vallate papillte of the tougiie of man 
pwcnllar Btnictures known as pustatory bvds or taste tjoblel/i, have been 
disoovereil (Loven, Schwalbe). They are of an oval shape, and conBist of 
a number of cloaely packed, very narrow and fuaiform. cella {tjitslulnrp 
eelU). This central core of gustatory ccIIb U enclose*! in a single layer of 
broader fusiform cells (encasing cells). The gugtatory cells terminate in 
fine spikes not unlike cilia, which project on the free surface {Fig. 3C3), 

These bodies also occur side by side in considerable numbers In the 
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epitlielium of the papilla foliata, vhich is eitngted near the root of the 
tongue in the rabbit, and also in man. Similar "tuste-goblets" also occur 
pretty evenly distributed on the posterior (laryngeal) surface of the epi- 
glottis (Verson, Schofield). It seems probable, from their distribution, 
that all these so-called taste-gobleta are gustatory in function, though 
no nenes liave been distinctly traced into them. 

Other Functions of the Tongue. — Besides the sense of taste, the 
Urngne. by means also of its papillie, is endued, (2) especially at its sides 
and tip, with a very delicate and iiccurato acnao of touch (p. 104. Vol. 
II.), which renders it sensible of the impressions of heat and cold, pain 
and mechanciul pressure, and consequently of the form of surfaces. The 
tongue may lose its common sensibility, and still retain the sense of taste, 
■ad viet versd. This fact renders it probable that, although the senses 
-ff tarie and of touch may be exercised by the same papilUe supplied by 
At nine nerves, yet the nervous condnctors for these two different sen- 
ntlonfl are distinct, just as the nerves for smell and common sensibility 
in the nostrils are distinct; and it is quit« conceivable that the same 
nervous trunk may contain fibres differing essentially in their specific 
properties. Facta already detailed (p. 142, Vol. II,) seem to prove that 
the lingual branch of the fifth nene is the conductor of sensations of 
tasta in the anterior part of the tongue; and it is also certain, from the 
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marked manifeetationa of pain to which ita diTiaion in animals gives rise, 
that it is likewise a uerve ol common sensibilitT. The glossopharyngeal 
also seems to contain fibres both of common sensation and of the special 
sense of taste. 

The functions of the tongue in connection with (3) speech, (4) maati- 
tlcatiou, (5) deglutition, (li) suction, have been referred to in other 
chapters. 

Taste and Smell; Perceptions. — ^The concurrence of common 
and special sensibility in the same part makes it sometimes diflScult to 
determine whether the impression produced by a substance is perceived 
through the ordinary sensitive fibres, or through those of the sense of 
taste. In many cases, indeed, it is probable that both sets of nerre-fibrm 
are concerned, as when irritating acrid substauces are introduced into the 
mouth. 

Much of the perfection of the sense of taste is often due to the sapid 
substances hcing also odorous, and exciting the simultaneous action of 
the sense of smell. This is shown by the imperfection of the taste of 
such substances when their action on the olfactory nerves is prevented by 
closing the nostrils. Many fine wines lose much of their apparent excel- 
lence if the nostrils are held close while they are dnink. 

Varieties of Tastes. — Among the most clearly defined tastes are 
the sweet and bitter (which are more or less opposed to each other), ibe 
acid, alkaline, and saline tastes. Acid and alkaline taste may be excited 
by electricity. If a piece of zinc be placed beneath and a piece of copper 
above the tongue, and their ends brought into contact, an acid taste (dae 
to the feeble galvanic current) is produced. The delicacy of the sense <rf 
taste is sufficient to discern 1 part of sulphuric acid in 1000 of water; bnt 
it is far surpassed in acuteness by the sense of smell. 

Afler-faiies. — Very distinct sensations of taate are frequently left after 
the substances which excited them have ceased to act on the nerve; and 
such sensations often endure for a long time, and modify the taste of 
other substances applied to the tongue afterward. Thus, the taste of 
substances spoils the flavor of wine, the taste of cheese improves it. Thi 
appears, therefore, to exist the same relation between tastes as betwt 
colors, of which those that are opposed or complementary render eaoh' 
other more vivid, though no general principles governing this relation have 
been discovered in the case of tastes. In the art of cooking, however, at- 
tention has at all times been paid to the consonance or harmony of flavors 
in their combination or order of succession, just as in painting and music- 
the fundamental principles of harmony have iwen employed empiricall] 
while the theoretical laws were unlinown. 

Frequent and continued repetitions of the same taste render the 
ception of it less and less distinct, in the same way that a color becoiui 
more and more dull and Indistinct the longer the eye is fixed upon i1 
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Thus, after freqiiuiitly tasting first one and then the other of two kinds 
of wine, it becomes impossible to discriminate between them. 

The simple contact of a eapid substance with the surface of the gustatory 
orginii seldom ^ives rise to a distinct sensation of taste; it needs to be dif- 
fused over the surface, and brought into intimate contact with the sensi- 
tive parts by compression, friction, and motion between the tongue ami 

Subjective Sensations of Taste. — The sense of taste seems capa- 
ble of being excited only by external causes, such aa changes in the con- 
ditions of tlie nerves or nerve-centres, produced by congestion or other 
causes, which excite subjective sensations in the other organs of sense. 
But little is known of the subjective sensations of taste; for it is dlRicult 
to distinguish the j)henomena from the effects of external causes, such 
as changes in tlie nature of the secretions of the mouth. 

Smell. 

Conditions Necessary. — (1.) The first conditions essential to the 
sense of smell are a s)>ecial nerre and rifrve-centre, the changes in whose 
condition are perceived in sensations of odor; for no other nervous atruc- 
tnre is capable of these sensations, even though acted on by the same 
causes. The same snbstance which excites the sensation of smell in the 
olfactory centre may cause another peculiar sensation through the nerves 
of taste, and may produce an irritating and burning sensation on the nen'es 
of touch; but the sensation of odor is yet separate and distinct from these, 
though it may be simultaneonsly perceived. (2.) The second condition 
of smell is a peculiar change produced in the olfactory nerve and 
its centre by the stinmlus or odorous substance. (3.) The material 
causes of odors are, usually, in the case of animals living in the air, 
either solids suspended in a state of extremely line division in the 
atmosphere; or gaseous exhalations often of so subtile a nature tliat they 
can be detected by no other re-agent than the sense of smell itself. The 
IS of odor must, in all cases, be dissolved in the mucus of the mucous 
mlvane before they can be inimetliately applied to, or affect the olfac- 
rves; therefore a further condition necessary for the perception of 
I, that the mucous membrane of the nasal cavity be moist. When 
bieiderian membrane is dry, the sense of smell is impaired or lost: in 
I stage of catarrh, when the secretion of mucus within th^ Dostrils 
, the faculty of perceiving odor is either lost or rendered very 
imperfect. (4.) In animals living in the air, it is also requisite that the 
odorous matter should be transmitted in a current through the nostrils. 
This is effected by an inspiratory movemeut, the mouth being closed; 
henoe we have voluntary influence over the sense of smell; for by inter- 
rupting respiration we prevent the perception of odors, and by repeated 
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quick inepiration, ussistcd, as in the act of knifing, by the action of tha 
nostrils, we render the impression more intense (see p. 2ill, Vol. I,). An 
odorous substance in a liquid form injected into the nostrihi appeBTs in- 
capable of giving rise to the sensation of smell: thus Weber could not 
smel! the slightest odor when his nostrils were completely filled with 
water containing a large quantity of can de Cologne. 

Seat of the Sense of Smell. — The human organ of smell is formed 
by the filaments of the olfactory nerves, distributed in the miicona 
brane covering the upper third of the septum of the nose, the auperif 
turbinated or spongy bono, the upper part of the middle turbinated bow 
and the upper wall of the nasal cavities beneath the cribriform plates 
the ethmoid bones {Figs. 35-1 and 355). The olfactorj- region is covered 
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by cells of ci/li?idrical epitheliun:i, prolonged at their deep extremities 
into fine branched proeessea, bnt not ciliated; and interspersed with thwe 
are fusiform {olfactory) cells, witli both siiperficial and deep processes 
(Fig, 356), the latter being probably connected with the terminal filft>J 
nienta of the olfactory nerve. The lower, or respiratory part, i 
called, of the nasal fosase is lined by cyHndrical cilialed epithelium, ex-A 
cept in the region of tJie nostrils, where it is sqvamous. The branchet ' 
of the olfactory nerves retain much of the same soft and greyish texture 
wliich distinguishes those of the olfactory tracis within the craniunu 
Their filaments, also, arc peculiar, more resembling those of the eympai-.a 
thetie nerve than the filaments ot the other cerebral nerves do, contaia> 
ing no outer white substance, and being finely granular and nucleated^ 
The sense of smell is derived exclusively through those parts of the nasAl ' 
cavities in which the olfactory nerves are distributed; the accessory cavi- 
ties or sinuses communicating with the nostrils soem to hare no relation 
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to it. Air impregnated with the vapor of camphor was injected into tlie 
frontal sinuB through a fistulous opening, and odorous substances have 
been injected into the antrum of Highmore; but in neither case was any 
odor perceived by the patient. The pnrposcs of tiicse sinuses appear to 
be, that the bones, necessarily large for the action of the muscles and other 
parts connected with them, may be as light as possible, and that there 
may be more room for the resonance of the air in vocalizing. The former 
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purpose, which is in other bones obtained by filling their cavities with 
fat. is here attained, as it ia in many bones of birds, by their being filled 
with air. 

Other Functions of the Olfactory Region. — All jiarts of the nasal 
cavities, whether or not they can be the scat of the sense of smell, are 
endowed with common sensibility by the nasikl branches of the first and 
aecond divisions of the fifth nerve. Hence the sensations of cold, heat, 
itching, tickling, and pain; and tbe sensation of tension or pressure in the 
nostrils. That these nerves cannot perform the function of the olfactory 
nerves is proved'by cases in which the sense of smell is lost, while the mu- 
cous membrane of the nose remains susceptible of the various modifications 
ommon sensation or touch. But it is often difficult to distingnieh the 
I sensation of smell from that of more feeling, and to ascertain what belongs 
) to each separately. This is the case particularly with the sensations 
' excited in the nose by acrid vapors, as of ammonia, horse-radish, mustard, 
, which resemble much the sensations of the nenes of toucli; and the 
I diflirulty is the greater, when it is remembered that these acrid vapora 
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have nearly the same action upon tlie mucous membrane of the eyelids. 
It was because the common sensibility of the nose to these irritating sab- 
stancea remained after the destruction of the olfactory nerres, that Jlageo- 
die was led to the erroneous belief that the fifth nene might exercise this 
special sense. 

Varieties of Odorous Sensations. — Animals do not all eqoalty 
perceive the same odors; the odors most plainly perceived by an herbir- 
orous animal and by a camivorouB animal are different. The Carnivora 
have the power of detecting most accurately by the smell 
the special peculiarities of animitl matters, and of tracking 
other auim'aU by the scent; but have apparently very lit- 
tle sensibility to the odors of plants and flowers. Herbiv- 
oroUB animals are peculiarly sensitive to the latter, and 
have a narrower sensibility to animal odors, especially to 
such as proceed from other individuals than their own 
species. Man is far inferior to many animals of both 
elapses in respect of the acuteness of smell; but bis sphere 
of susceptibility to various odors is more uniform and ex- 
tended. The cause of this difference lies probably in the 
endowments of the cerebral parts of the olfactory appa- 
ratus. The delicacy of the sense of smell is most remark- 
able; it can discern the presence of liodies in rjuautitiea 
BO minute as to be undisooverable even by spectrum an- 
^yB's; Tinr.ir^.nra of a grain of musk can be distinotl; 
amelt (Valentin). Opposed to the sensation of an agre^ 
Z.*~-^~,\. able odor is that of a disagreeable or disiniBtine udor. 
lui ud oUact^ which Corresponds to the sensations of pam, liazzlmg and 
letien sre piocM disharmony of colors, and dissonance in the other senses. 
K a epithpitai The cause of this difference in the effect of different 
wry' ixib.' (Mai odors is unknown: but this much is certain, that odors are 
pleasant or offensive in a relative sense only, for many 
untmals pass their existence in the midst of odors which to us are highly 
disagreeable. A great difference in this respect is, indeed, observed 
amongst men: many odors, generally thought a^eeable, are to some per- 
sons intolerable; and different persons describe differently the sensations 
that they severally derive from the same odorous substances. There seems 
also to be in some persons an insenBibility to certain odors, comparable 
with that of the eye to certain colors; and among different persons, as 
great a difference in tho acuteness of the sense of smell as among others 
in the acuteness of sight. We have no exact proof that a relation of har- 
mony and disharmony exists between odors as between colors and soands; 
though it is probable that such is the case, since it certainly is so with 
regard to the sense of taste; and since sach a relation would account 
some measure for tho different degrees of perceptive power in difierent 
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pereous; for ae some havo no car fur mueic (as it U said), bo others liave 
DO clear appreciation of the rehition of odors, and tlicrefore little pleasure 
in them. 

Subjective Sensations of Smell. — The sensations of the olfactorj 
nerrcs, ioflcpcndenl of tho e^itenml application of odorous substances, 
have hitherto been little studied. The friction of the electric machine 
produces a smell like that of phuephorus. Hitter, too, has observod, that 
when galvanism is applied to the organ of smell, besides the impulse to 
sneeze, and the tickling sensation excited in the filaments of the fifth 
nerve, a smell like that of ammonia was excited by the negative pole, and 
au acid odor by the positive pole; whichever of these sensations were 
produced, it remained constant as long as the circle was closed, and 
changed to the other at the moment of the circle being opened. Svbjec- 
live sensations occur frequently in connection with the sense of smell. 
Frequently a person sraeUa something which is not present, and which 
other persona cannot smell; this is very frequent with nervous people, but 
it occasionally happens to every one. In a man who was constantly con- 
scious of a bad odor, the arachnoid wad found after death to be beset 
with deposits of bone; and in the middle of the cerebral hemispheres were 
scrofulous cysts in a state of suppuration. Dubois was acquainted with a 
man who. ever after a fall from his horse, which occurred several years 
before his death, believed that he smelt a bad odor. 

Heariiig. 

Anatomy of the Ear.— For descriptive purpoeeB, the Ear, or Organ 
of Hearing, is divided into three parts, (I) tne ertemal, (2) the middle, 
and (3) the tHienial ear. Tlie two first are only accessory to the thinl or 
internal ear, which contains the essential parts of an organ of hearing. 
The accompanying figure shows very well tlie relation of these divisions, 
— one to the other (Fig, 357). 

(1.) External Ear. — The external ear consists of the ^(w/w or auricle, 
and the (external auditory canal or meatus. 

The principal parts of the iriw/ta (Fig. 358, a) are two prominent rims 
enclosed one within the other (helix and antihelix), and enclosing a central 
hollow named the coticha: in front of the concha, a prominence directed 
backward, the tragus, and opposite to this, one directed forward, the 
anlitragits. From the concha, the auditory canal, with a slight arch di- 
rected upward, passes inward and a little forward to the memorana t)'m- 
pani, to which it thus serves to convey the vibrating air. Its outer part 
conaists of fibro-cartilage continued from the concha; its inner part of 
bone. Both are lined by skin continuous with that of the pinna, and 
extending over the outer part of tho membrana tympani. 

t Toward the outer jiart of the canal are fine haire and sebaceous glands, 
le deeper in the canal are small glands, resembling the eweat-glanda 
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in structure, wliicli secrete a i}eculiar yellow Hubstance called certunen, 
or ear-wax. 

(2.) MidiUe Ear or Tympanum. — The middle ear, or tympanum 
(3, Fig. 357)> is separated bj the membrana tyvipani from the extenul 
auditory caual. It ia a cavity in the temporal bone, opening through its 
anterior and inner wall into the Euatachian tube, a cytindriform flattened 
canal, dilated at both ends, composed partly of bone and partly of carti- 
lage, and lined with mucous membrane, which forma a communication J 
between the tympanum and the pharynx. It opena into the cavity 
the pharynx juat behind the posterior aperture of the nostrils. The csvi^ 
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of the tympanum communicates posteriorly with air-cavitiea, the maaioid 
cells in the mastoid process of the temporal bone; but its only opening 
to the external air is through the Eustachian tube (4, Fig, 357). Tbe 
walla of the tympanum are osseous, except where apertures in them are 
closed with membrane, as at the fenestra rotunda, and feneBtra ovalis, 
and at the outer part where the bone is replaced by the membratta lym- 
pani. The cavity of the tympanum ia lined with mucous membrane, the 
epithelium of which is ciliated and continuous with that of the phalanx. 




It contaias a chain of Btnall boni'S (Ogsicnla audifus) which extends from 
the menibruna tyntpani to the fenestra oval is. 

The memltrana tj/mpani is placed in u slanting direction at the bottom 
of the external auditory canal, its plane being at an angle of about 43° 
with the lower wall of the canal. It is formed chiefly of a tough and 
tense fibrous membrane, the edges of which are set in a bony groove: its 
outer aurface is covered with a continuation of the cutaneous lining of the 
auditory canal, its inner surface with part of the 
ciliated mucous membrane of the tympanum. 

The small bones or onsieWs of the ear arc three; 
named malleus, incus, and stapes. The malleun, or 
hammer-bone, is attached by a long slightly curied 
process, called its 3iandle, to themembranatvmpani; 
the line of attachment being vertical, including the 
whole length of the handle, and extending from the 
upper border to tlie centre of the membrane. The 
head of the malleas is irregularly rounded; its neck, 
or the line of boundary between it and the handle, 
supports two processes; a short conical one, which 
receives the insertion of the tensor tympani, and 
» slender one, processus gtacilis, which extends for- 
ward, and to which the luxalor tpnpani muscle in 
Fin sw Outer ■urf.ce Bttachod. The iiicus, or aovil-bone, shaped like a 
of iiw i^nM^e* yw "*!'' bicuspid molar tooth, is articulated by its bioudcr 
(lt"ibirheUi; 3,'au3h^ -p&Tt, corresponding with the surface of the crown nf 
lli'^S^'^'wlS^' \ * tooth, to the malleus. Of its two fang-like jn-o- 
(uiwb*; ii,'kibuia!^t!' '' cesses, onc, directed backward, has a free end lodged 
in a depression in the mastoid bone; the other, curved 
downward and more pointed, articulates by means of a roundish tuber- 
cle, formerly called os orMcnlare, with the stapes, a little bone shaped 
exactly like a stirrup, of which the base or bar fits into the fenestra 
ovalis. To the neck of the stapes, a short process, corresponding with 
the loop of the stirrup, is attached the stapedius muscle. 

The Ossicula. — The bones of the ear are covered with raucous 
membrane rofloctud over them from the wall of the tympanum; and are 
movable both altogether and one upon the other. Tlie malleus moves 
and vibrates with every movement and vibration of the membrnnatympani. 
and its movements are communicated through the incus to the stapes, 
and through it to the membrane closing the fenestra ovalia The malleus, 
also, is movable in its articulation with the incus: and the membrana 
tympani moving with it is altered in its degree of tension by the laxiitor 
and tensor tympani muscles. The stapes is movable on the process of the 
incus, when the stapedius muscle acting, draws it backward. The axis 
round which the malleus and incus rotate is the line joining the processus 
gracilis of the malleus and the posterior (short) process of the incDs. 

(3.) Internal Ear. — The projwr organ of hearing ia formed by tlie dis- 
tribution of the auditor)- nerve within the internal ear, or labyrinth of 
tiie car, a set of cavities within the petrous portion of the temporal bone. 
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The bone which forma the walla of these cavities is denser than that 
around it, and forms the osseous labyrinth; the membrane within the 
cavities forms the membranous labyrinfh. The membranona labyrinth 
contains a fluid called endolymph; while outside it, between it and the 
oeseons labyrinth, is a fluid called perilymph. 

The osaeouB labyrinth consists of three principal parts, namely, the 
vestibule, the cochlea, and the femicircular canals. 

The vestibule is the middle cavity of the labyrinth and the central J 
organ of the whole anditory ap[iaratna. It presents, in its inner wall,l 
several openings for the entrance of the divisions of the anditory nerve; ■ 
in its outer wall, the fenestra ot'alis (2, Fig. 359), an opening filled by ^ 
the base of the stapes, one of the small bones of the ear; in its posterior 
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and Boperior walls, five openings by which the semicircular canalt com 
municate with it: in its anterior wall, an opening leading into tb»l 
cochlea. The hinder part of the inner wall of the veatibule also present^'l 
an opening, the orifice of the arjuwdHcfus vestibuU, a canal leading to tb« J 
posterior margin of the petrous bone, with uncertain contents and un-^ 
known purpose. m 

The semicircular canals (Figs. 359, 300), are three arched cylio-fl 
driform bonv canals, set in the substance of tbe petrons bone. The/T 
all open at both ends into tbe vestibule (two of them first coalescing^-J 
The ends of each are dilated jnet before opening into the veatibuletf 
and one end of each being more dilated than the other is called aa* 
ampulla. Two of the canals form nearly vertical arches; of these tha J 
superior is also anterior; the posterior is inferior; the third canal is hori'l 
zontal, and lower and shorter than the others. 
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The cochlea ((!, 7, 8, Figa, 359 und 360), a small organ, shaped like 
a common enail-ehell, is seated lu front of the vcstibnle, its base reet- 
ing on the bottom of the iuterniJ meatus, where some apertures transmit 
to it the cochlear filaments of the auditory nerve, in its axis, the cochlea 
is traversed by a conical column, the modiolus, around which a spiral 
canal winds with about two turns and a half from the base to the apex. 
At the apex of the cochlea the canal is closed; at the base it presents 
three openings, of which one, already mentioned, communicates with the 
^-estibule; another called /e«o«/ra rotunda, is separated by a membrane 
from the cavity of the tympanum; the third is the orifice of the aqum- 
duclus rockleai, a canal leading to the jugular fossa of the petrous lH)ne, 
and corresponding, at least m obscurity of purpose and origin, to the 
aqufeductUB veetibuli. The spiral canal is divided into two passages, or 
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scalee, by a partition of bone and membrane, the lamirm spiralis. The 
osseous part or zone of this lamina is connected with the modiolus: the 
membranous part, with a muscular zone, according to Todd and Bowman, 
forming its outer margin, is attached to the outer wall of the canal. 
Commencing at the base of the cochlea, between its vestibular and tym- 
panic openings, they form a partition between these apertures; the two scale 
are, therefore, in correspondence with thia arrangement, named acala 
VMtibuli and scala tympani (Fig. 3G1). At the apex of the cochlea, Ihe 
lamina sjiiralis ends in a small hamulus, the inner and concave part of 
which, being detached from the summit of the modiolus, leaves a small 
aperture named helicotrema, by which the two seals, separated in all 
the rent of their length, communicate. 

Besides the "sc^a vcstibuli" and "scala tympani," there is a third 
space between them, called scala media or lanatis niembranaceus (CC, Fig 
362). In Section it is triangnlar, its external wall being formed by the 
wall of the cochlea, its upper wall (separating it from the scala vestibuli) 
by the membrane of Reissner. and its lower wall (separating it from the 
Bcala tympani) by the basilar membrane, these two meeting at the outer 
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edge of the bonj lamina epiralis. Following tlie turns of thecochleu toita ] 
apes, tlie ECala media tlinre terminates blindly; while toward the base of ] 
the cochlea it is also closed with the exception of a very nan 
(caiialis reuniena) nnltiug it with the saeculus. The scala media (like tli« ] 
rest of the membranous labyrinth) contains "endolympb," 

Org^an of Corti. — Upon the basilar membrane are arranged cells o 
various shapes. 

About midway between the outer edge ot the lamina spiralis and the 
outer wall of the cochlea are situated the rodn of Corli. Viewed sideways. 
the rods of Corti are seen to consist of an external and interual pillar, 
each rising from an expanded foot or base on the basilar niombraue. 
They slant inwai'd toward each other, and each ends in a swelling termed 
the naad; the liead of the inner pillar overlying that of the outer (Fig. 
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363). Each pair of pillars forms, as it were, a pointed roof arching otm 
a space, and by a succession of them, a little tunnel is formed. 

It has been estimated that there are about 3000 of these pairs ofpillanJ 
in proceeding from the base of the cochlea toward its apex. They a 
found progressively to increase in length, and become more oblique; 
other words, the tunnel becomea wider, but diminishes in height aa wi^ 
approach the apex of the cochlea. Loaning, as it were, against thpr™ 




are shown in the accompanying figure (Fig. 363). This complicated 
structure rests, as we have seen, upon the basilar membrane: it is roofed 
in by a remarkable fenestrated membrane (lamina reticularis of EdlUker), J 
into the fenestrie of which the tops of the various rods and cells are r»-l 
ceived. When viewed from above, the organ of Corti shows a remarkable J 
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reseniblnnce to the key-board of a piano. In close relation with tlic roda 
of Corti and the cells ineide and ontaide them, and probably projt'oting 
by fret' euda into the little "tannel" containing fluid {roofed in oy them), 
are filaRieiits of the auditory nerve. 

Membranous Labyrinth.— This corresponclB generally with the 
form of tlie otseeous labyrinth, so far as regards the vestibule and euini- 
cirL'ular canals, but is separated from the walls of these parts by fluid, 
except where the ncrres enter iuto connection within it. As ulmudy men- 
tioned, the inembranoua lab)Tinth contains a fluid called eailiilt/mpli; and 
between its outer surface and the inner snrface of the walls of the vesti- 
bule and Bcmioircular canals is another collection of similar fluid, culk'il 
perihjmph; so thut all the sonorous Tibratlona improBsiiig the auditory 
nerves on these paila of the internal ear, are conducted through fluid to 
% membrane susjiended in and containing fluid. In the cochlea, the 
membranous labyrinth completes the septum between the two seala and 
encloses a spiral canal, pri;viously mentioned, calleil cnnnlis tiiembranaceus 
or caaalig cochUm (Fig. ^62). The fluid in the »ml(f of the cochlea is con- 
tinuous with the perilymph in the vestibule and semicircular caruds, and 
there is no fluid estemal to its lining membrane. The vestibular portion 
of the membranous labyrinth oomprisps two, probably communicating 
cavities, of which the larger and upper is named the utriculug; the lower, 
the gaccutug. They are lodged in depressions in the bony lah)Tinth 
termed respectively "fovea heniiellipticu" and "fovea hemisphcricn." 
Into the former ojien the orifices of the membranous semicircular canals; 
into the latter the raiialin cochteai. The mcmbranoua labyrinth of all 
these parts is laminated, transparent, very vascular, and covered on the 
inner surface with nucleated cells, of which those that lino the ampults 
arc prolonged into stiff hair-like processes; the same appearance, but to a 
much less degree, being visible in the u/rtatle and mtcculf. In the cavities 
of the utriculus anJsacculns are small musses of calcareous particles, 
otoconia or otoli't/m: and the same, although in more niinuti.- iguantities, are 
to be found in the iuterior of some other piu-ts of the membranous 
labyrinth. 

Auditory Nerve. — For the appropriate ei]xisure of the fllamcnts of 
the auditor)' nen'e to sonorous vibrations all the organs now described are 
provided. It is characterized as a nerve of special eenae by its softness 
(whence it derived its name of portio vwlhs of the seventh pair) and by 
the fineness of its component fibres. It enters the labyrinth of the ear 
in two divisions; one for the vestibule and semicircular canals, and the 
other for the cochlea. 

The branches for the vestibule spreiiJ out and radiate on the inner 
surface of the membranous labyrinth: their cxucttermimition is unknown. 
Tbo§e for the semicircular canals pass into the ampullie, and form, within 
each of them, a forked projection which corresponds with a septum in the 
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interior of the ampulla. The branches for the cochlea enter it through 
orifices at the base of the modiohiB, which they ascend, and thence enc- 
ceseirelj paee into canals in the oBseous part of the lamina spiralis. In 
the canals of this osseous part or zone, the nerves are arranged in a plexus, 
containing ganglion cells. Their ultimate termination is not known witli 
certainty; but some of them, witliout doubt, end in the organ of Corti, 
probably in cells. 



Physiology of Heabino. 



All the acoustic contrivances of the organ of hearing are means tat 

conducting the sound, just as the optical apparatus of the eye are media 
for conducting the light. Since all matter is capable of propagating sono- 
rous vibrations, the simplest conditions must be sutficient for mere hear- 
ing; for all substances surrounding the auditory nerve would communi- 
cate sound to it. The whole development of the organ of hearing, there- 
fore, can have for its object merely the rendering mitre perfect the propa- 
gation of the sonorons vibrations, and their muUipUcation by resonancej 
and, in fact, all the acoustic apparatus of the organ may be shown to bare 
reference to these two principles. 

Functions of the External Ear. — The external auditory paeaage 
influences the propagation of sound to the tympanum in three ways:—!, 
by causing the sonorous undulations, entering directly from the atmos- 
phere, to be transmitted by the air in the i>assage immediately to the 
membrona tympani, and thus preventing them from being dispersed; 8,. 
by the walla of the passage conducting the sonorous undulations imparted 
to the external ear itself, by the shortest path to the attachment of the 
mcmbruna tympani. and so to this membrane; 3, by the resonance of the 
column of air contained within the passage; 4, the external ear, especially 
when the tragus is provided with hairs, is also, doubtless, of service in 
protecting the meatus and membrana tympani against duet, insects, and 
the like. 



i 






1. As a conductor of undulations of air, the external auditory p 
receives the direct undulations of the atmosphere, of which those that 
enter in the direction of its axis produce the strongest impressions. The 
undulations which enter the passage obliquely are reflected by its parietes, 
and thus by reflexion reach the membrana tympani. 

2. The walls of the meatus are also solid conductors of sound; for 
those vibrations wliich are communicated to the cartilage of the external 
ear, and not reflected from it, ai'e propagated by the shortest path through 
the parietes of the passage to the membrana tympani. Hence, both ears 
being close stopped, the sound of a pipe is heard more distinctly when its 
loiver extremity, covered with a membrane, is applied to the cartilage of 
the external ear itself, than when it is placed in contact with the surboe 
of the liead. 



3. Tho extortiiil auditory paesiige is important, inasmuch tiB Hip air 
which it contuins, like all insiutited muasee of air, increases the iiiteiiaity 
of sounds by resonance. 

Rfgartling the cartilage of the external ear, therefore, as a conductor 
of Bonoroos vibrations, all its incqnalities, clevutionB, and depreastons, 
which are useless with regard to reflexion, become of evident importance; 
for those elevations and depressions upon which the undnlations fall jjer- 
pendicularly, will be affected by them in the most intense degree; and, 
in consequence of the various forms and positions of these inequalities, 
sonorous undulations, in whatever direction they may come, mast fall 
perpendicularly upon the tangent of some one of them. This affords an 
explanation of the extraordinary form given to this part. 

Functions of the Middle Ear, — In animals living in the atmos- 
phere, the sonorous vibrations are conveyed to tho auditory nerve by three 
different media in succession; namely, the air, the solid parts of the body 
of the animal and of the anditory apparatus, and the Hnid of the laby- 
rinth. Sonorous vibrations are imparted too imperfectly from air to solid 
bodies, for the propagation of sound to the internal ear to be adequately 
effected by that means alone; yet already an instance of its being thus 
propagated has been mentioned. In passing from air directly into water, 
Bonoroue vibrations suffer also a considerable diminution of their strength; 
but if u tense membrane exists between the air and the water, the sono- 
rous vibrations arc communicated from the former to the latter medium 
with very great intensity. This fact, of which Muller gives experimental 
proof, furnishes at once an explanation of the use of the fenestra rotunda, 
and of the membrane closing it. They are the means of communicating, 
in fall intensity, the vibrations of the air in the tympannm to tho fluid 
of the labyrinth. This peculiar property of membranes is the result, not 
of their tenuity alone, but of the elasticity and capability of displacement 
of their particles; and it is not impaired when, like the membrane of the 
fenestra rotunda, they are not impregnated with moisture. 

Sonorous vibrations are also communicated without any perceptible 
loss of intensity from the air to the water, when to the membrane form- 
ing the medium of communication, there is attached a short, solid body, 
which occupies the greater part of its surface, and is alone in contact with 
the water. This fact elucidates the action of the fenestra ovaliti, and of 
the plate of the stapes which occnpiea it, and, with the precciling fact, 
ahows that both fenestrK — that closed by membrane only, and that with 
which the movable stapes is conncf't«d-r transmit very freely Ihe sonorous 
▼ibrations from the air to the lluid of Ihe labyrinth. 

A small, solid body, lixed in un opening by means of a bonier of mem- 
brane, so as to bo movable, communicates sonorous vibrations from air on 
the one side, to water, or the fluid of the labyrinth, on the other side, 
nnoh better than solid media not so constracted. Sut the propagation 
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of flonnd to the fluid is rendered much more perfect if the solid coiiducior 
thuB occupying the opening, or feiieetra ovalls, is by its other end fixeil to 
tlie middle of a tense membrane, which has atmospheric air on both aide*. 
A tonse membrane is a much better conductor of the Tibrations of air 
than any other solid body bounded by definite surfaces: and the vibrs- 
tions are alao communicated very readily by tense membranes to solid 
bodies in contact with them. Thus, then, the mevtliraim tyvtpani senm 
for the transmission of sound from the air to the chain of auditory bones. 
Stretched tightly in its osseous ring, it vibrates with the air in the audi- 
tory passage, as any thin tense membrane will, when the air near it is 
thrown into vibrations by the sounding of ii tiiuing-fork or a musical 
string. And, from such a tense vibrating membnuie, the vibrations are 
communicated with great intensity to solid bodies which touch it at any 
point. If, for example, one end of a flat piece of wood be applied to the 
membrane of a drum, while the other end is held in the hand, vibration 
are felt distinctly when the vibrating tuning-fork is held over the meio- 
brane without touching it; but the wood alone, isolated from the mem- 
brane, will only very feebly propagate the vibrations of tho air to th« 
hand. 

In comparing the membrana tympani to the membrane of a drum, it 
is necessary to point out certain important differences. 

When a drum is struck, a certain definite tone is elicited (fundamental 
tone); similarly a drum is thrown into vibration when certain tones are 
sounded in its neighborhood, while it is quite unaffected by others. In 
other words, it can only lake up and vibrate in response to those tones 
whose vibrations nearly correspond in number with those of its own fun- 
damental tone. The tympanic membrane can take up an immense range 
of tones produced by vibrations ranging from 30 to 4000 or 6000 pff 
second. This would be cleai'ly impossible if it were an evenly stretched 
membrane. 

The fact is, that the tympanic membrane is by no means evenly 
stretched, and this is due partly to its slightly funnel-like form, and partly 
to its being connected with the chain of auditory ossicles. Further, if 
the membrane were quite free in its centre, it would go on vibrating as a 
drum does some time after it is struck, and each sound would be pro- 
longed, leading to considerable confusion. This evil is obviated by thai 
ear-bones, which check the contiuuauce of the vibrations like the 
pora" in a pianoforte. 

The ossicvla of the ear are the better conductotB of the sononi 
vibrations communicated to them, on account of being isolated by »a " 
atmosphere of air, and not continuous with the bones of the cranium; for 
every solid body thus isolated by a difl'erent medium, propagates vibra- 
tions with more intensity through its own aubatance than it communicates 
them to the surrounding medium, which thus prevents a dispersion of 
the sound; just as the vibrations of the air in the tnljes used for condurt- 
ing the voice from one apartment to another are prevented from being 
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dispersed by the solid walla of the tube. The vibrationa of the mcm- 
bmna tymiiani are transmitted, therefore, by the chain of ossieula tn tlie 
fenestra ovalis and fluid of the labyrinth, their dispersion in the tym- 
panum being prevented by the difficulty of the transition of vibrations 
from solid to gaseous bodies. 

The necessity of the presence of air on the inner side of the membrana 
tympani, in order to enable it and the ossieula auditus to fulfil the objects 
just described, is obvious. Without this provision, neither would the 
ribrations of the membrane be free, nor the chain of bones isolated, so as 
to propagate the sonorous undulations with concentration of their inton- 
■ity. But while the oscillations of the membrana tym|>ani are rea<lily 
• conunnnicated to the air in the cavity of tlie tympanum, those of the solid 
ossieula will not be conducted away by the air, but will be propagated 
to the labyrinth without being dispersed in the tympanum, 

The propagation of sound through the ossieula of the tympanum to 
the labyrinth, must bo effected either by oscillations of the bones, or by a 
kind of molecnlar vibration of their particles, or, most probably, by both 
these kinds of motion. 

AfovemeH/f of Ihe ossieula. — E. Weber has Bhown that the existence 
of the membnme over the fenestra rotunda will jiermit approximation iind 
removal of the stajiea to and from the labyrinth. When by the stapes 
tJie membrane of the fenestra ovalia is pressed toward the 
labyrinth, the membrane of the fenestra rotunda mav. by 
the pressure communicated through the fluid of the laby- 
rinth, be pressed toward the cavity of the tympanum. 

The long process of the malleus receives the undula- 
tions of the membrana tympani (Fig. .304, a, a) aud uf 
the air in a direction indicated by the arrows, nearly per- 
pendicular to itself. From the long process of tlie 
malleus they are propagated to its heiw (b): thence into 
the inons (<.*), the long process of wliich is parallel with 
the long process of the malleus. From tholong process 
of the incus the undulations are communicated to the 
stapes (</), which is united to the incus at right angles. 
The several changes in the direction of the chain of 
bones have, however, no influence on that of the nndu- p^ ,^ 

lations, which remain the same as it vas in the meatus 
eztemua and long process of the malleus, go that the nndulations are 
communicated by the stapes to tlie fenestra ovalis in a perpendicular 
direction. 

Increasing tension of the membrana tympani diminishes the facility 
of transmission of sonorous undulations from the air to it. 

Savart oljeerved that the dry membrana tympani, on the approach of 

a body emitting a loud sound, rejected particles of ound etrewn upon it 

I more strongly when lax than wlien very tense; and inferred, therefore. 

I thftt hearing ^ih rendered less acute by increasing the tension of the mem- 
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brana tympani. Uiiller has coufirmed this by e^qwrimentB with small 
membranes arranged so as to imitate tlie membrana tympuni; and it msy 
be confirmed also by observations on one's self. 

The pharyngeal orifice of the Eustachian tube is usually shut; dnring 
swallowing, however, it is opened; this may be shown ae follows: — If the 
nose and mouth be closed and the cheeks blown out, a sense of pressure 
is produced in both ears the moment we swallow; this is due, doubtleas. 
to the bulging out of the tympanic membrane by the compressed air 
which, at that moment, enters the Eustachian tube. 

Similarly the tympanic membrane may be pressed in by rarefying the 
air in the tympanum. This can be readily accomplished by closing the 
mouth and nose, and making an inspiratory effort and at the same time 
swallowing (Valsalva). In both cases the sense of hearing is temporarily 
dulled; proving that equality of pressure on both sides of the tympanic 
membrane is necessary for its full efficiency. 

Functions of Eustachian Tube. — The principal office of the 

Eustachian tube, in M liner's opinion, has relation to the prevention of 
these effects of increased tension of the membrana tympani. Its exist- 
ence and openness will provide for the maintenance of tlje equilibrium 
between the air within the tympanum and the external air. so as to pre- 
vent the inordinate tension of the membrana tympani which would be 
produced by too great or too little pressure on either side. While dis- 
charging this office, however, it will serve to render sounds clearer, aa 
(Henle suggests) the apertures in violins do; to supply the tympanum 
with air; and to be an outlet for mucus. If the Eustachian tube were 
permaTtently open, the sound of one's own voice would ])robably be greatly 
intensified, a condition which would of course interfere with the percep- 
tion of other sounds. At any rate, it is certain that sonorous vibrations 
can be propagated up the Eustachian tube to the tympanum by means of 
a tube inserted into the pharyngeal orifice of the Eustachian tube. 

Action of Tensor Tympani. — The influence of the tensor tympani 
muacie in modifying hearing may also be probably explained in connec- 
tion with the regulation of the tension of the membrana tympani. H^ 
through reflex nervous action, it can be eicited to contraction by a very 
loud sound, just as the iris and orbicularis palpebrarum muscle are by 
a very intense light, then it is manifest that a very intense sound would, 
through the action of this muscle, induce a deafening or muffling of the 
ears. Tn favor of this supposition we have the fact that a loud sound 
excites, by reflection, nervous action, winking of the eyelids, and, in per- 
sons of irritable nervous system, a sudden contraction of many muscles. 

"The OBsicula of aquatic mammalia are very bulky and relatively lareB) j 
especially in the true seals and the sirenia (Manatee and Dugong' 
the cetacea the stapes is generally ankylosed to the fenestra ov^ , 
malleus is nlwnpx ankylosed to the tympanic bone, yet the membrana tym- 
pani is well formed, and there is a manubrium, often ill-developed, bat i 
always attached to the membrane by a long process. In the Oturie or Seip J 
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lions, wliere the oseicula are far Hmaller relatively, and leea solid than in 
whaleu, luauilteeB, and the earleae true seala, there are well-formed, mov- 
able external ears. The ossicnlu seem to he vestigial relics utilized for 
the auditory fuiietiou. In land untmals ihev varj in shape according to 
the type of the animal rather than in relation to its acuteness of hearing. 
I hare never found a muscular laxator tympani in any animal, but the 
tensor exists as a ligament in whales wUere the malleus is fixed." (Alban 
Dorau.) 

Action of the Stapedius. — The influence of the stapedius muscle in 
hearing is unknown. It acts upon the ataj>es in such a manner as to 
make it rest oltliquely in the fenestra ovalia, depressing that side of it on 
vhich it acts, ami elevating the other side to the same extent. It pre- 
TentB too great a movement of the bone. 

Functions of the Fluid of the I^ahyriath.— Thejiuid of l/ie labi/- 
riiilh is the most general and constant of tlie acoustic provisions of the 
labyrinth. In all forms of organs of hearing, the sonorous vibrations affect 
tlie auditory nerve through the medium of liquid — the most convenient 
medium, on many accounts, for such a purpose. 

The cryataUitif pulvervhnl masses (otoliths) in the labryinth would 
reinforce the sonorous vibrations by their rosonance, even if they did not 
actually touch the membranes upon which the nerves are expanded; but, 
inasmuch as these bodies lie in contact with the membranous parts of the ' 
labyrinth, and the vestibular nerve-fibres are imbedded in them, they 
communicate to these membranes and the nerves, vibratory impulses of 
ftreatcr intensity than the fluid of the labyrinth can impart. This appears 
to be their office. Sonorous undulations in water arc not perceived by 
the hand itself immersed in the water, but are felt distinctly through the 
medium of a rod held in the hand. The fine hair-like prolongations from 
the epithelial cells of the ampuUie have, probably, the same function. 

Functions of the Semicircular Canals.— Besides the function of 
collecting in their fluid contents sonorous undulations from the bones of 
the cranium, the semicircular canals appear to have another function less 
directly connected with the sense of hearing. Experiments show that 
when the horizontal canal is divided in a pigeon a constant movement of 
the head from side to side occure, and similarly, when one of the vertical 
canals is operated npon, up and down movements of the head are ob- 
served. Those movements are associated, also, with loss of co-ordination, 
as after the oiwration the bird is unable to fly in an orderly manner, but 
flutters and falls when thrown into the air. and, moreover, is able to fe«d 
with difficulty. Hearing remains unimpaired. It has lieen suggested, 
therefore, that as loss of co-ordination results from section of these canals, 
and as coordinate muscular movements appear to depend to a consider- 
able extent for their due performance upon a correct notion of our equili- 
briiun, that the semicircular canals arc connected in spme way with this 



sense, possibly by the constant alterations of the pressure of the flnid 
within them: the change in the preesitre of the fluid in each canal 
which takes place on any movement of the head, producing sensatioiiB 
which aid in forming an exact judgment of the alteration of position 
which has occurred. 

Functions of the Cochlea. — The cochlea seems to be constructed 
for the spreading out of the tiprvc-fibres over a wide extent of surface, 
upon a golid lamina which conuDUDicates with the solid walls of the 
labyrinth and cranium, at the same time that it is in contact »ith the 
fluid of the labyrinth, and which, besides exposing the nerve-fibres to the 
influence of sonorous uudulutions, by two media, is itself insulated by 
fluid on either side. 

The eoniiectiou of the lamina spiralis with the solid walls of the laby- 
rinth, adapts the cochlea for the perception of the sonorous undulations 
propagated by the solid parts of the head and the walls of the labyrinth. 
The membranous labyrinth of the vestibule and semicircular canals it 
suspended free in the perilymph, and is destined more particularly for the 
perception of sounds through the medium of that fluid, whether the sono- 
rous undulations be imparted to the fluid through the fenestne, or by 
the intervention of the cranial bones, as when sounding bodies are brought 
into communication with the head or teeth. The spiral lamina on which 
the nervous fibres are expanded in the cochlea, is, on the contrary, con- 
tinuous with the solid walls of the labyrinth, and receives directly from 
them the impulses which they transmit. This is an important advantage; 
for the imjtulses imparted by solid bodies have, cisleris paribn-s, a greater 
absolute intensity than those communicated by water. And, even whea 
a sound is excited in the water, the sonorous undulations are more intenn 
in the water near the snrface of the vessel containing it, than in other'' 
parts of the water equally distant from the point of origin of the sound; 
thus we may conclude that, caieris paribus, the sonorous undulations of 
solid bodies act with greater intensity than those of water. Hence) we 
perceive at once an important use of the cochlea. 

This is not, however, the sole office of the cochlea; the spiral laming 
as well as the membranous labyrinth, receives sonorous impulses through 
the medium of the fluid of the labyrinth from the cavity of the vestibule, 
and from the fenestra rotunda. The lamina spiralis is, indeed, much 
better calculated to render the action of these undulations upon the audi- 
tory nerve efficient, than the membranous labyrinih is: for as a solid body 
insulated by a different medium, it is capable of resonance. 

The roth of Corti are probably arranged so that each is set to vibnte 
in unison with a particular tone, and thus strike a particular note, the 
sensation of which is carried to the brain hy those filaments of the audi- 
tory nerve with which the little vibrating rod is connected. The distinc- 
tive function, therefore, of these minute bodies is, probably, to render 
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aeiiBible to the brain the various musical notes and tones, one of them 
answering to one tone, and one to another; while perhaps the other purls 
of the orgim of hearing discriminate between the intensities of different 
Bounds, rather than their (jualities. 

"In the cochlea we .have to do with a series of apparatns adapted for 
performing sympathetic vibrations with wonderful exactness. We have 
here before us a musical instrument which is designed, not to create 
musical Bounds, but to render them perceptible, and which is Bimilar 
in construction to artificial musical instnimente, but which far surpasses 
them in the delicacy as well as the simplicity of its execution. For, while 
in a piano every string must have a separate hammer by means of which 
it is sounded, the ear possesses a single hammer of an ingenious form in its 
ear-bones, which can make every string of the organ of Corti sound sepa- 
rately," (Bernstein.) 

About 3000 rods of Corti are present in the human ear; this would 
give about 400 to each of the seven octaves which are within the comiMise 
of the ear. Thus about 33 wdbld go to each semi-Zone. Weber asserts 
that at'coraplished musicians can appreciate differences in pitch as small 
as ^th of a tone. Thus on the theory above advanced, the delicacy ot 
discrimination would, in this case, appear to have reached its limits. 

Sensibility of the Auditory Nerre. — Any elastic body, e.g., air, a 
membrane, or a string performing u certain number of regular vibrations 
in the second, gives rise t<j what is termed a musical sound or tone. We 
must, however, distinguish between a musical sound and a mere noise; 
the latter being due to irregular vibrations. 

Qualities of Musical Sound. — Musical sounds are distinguished 
from each other by three qualiliee. 1. Strength or intensity, which is 
due to the amplitude or length of the vibrations. 2. Pilch, which de- 
pends upon the number of vibrations in a second, 3. QnaUti/, Color, or 
Timbre. It is by this property that we distinguish the same note sounded 
on two instrumeuts, e.g., u piano and a flute. It has l>cen proved by 
Helmholtz to depend on the number of secondary notes, termed har- 
monica, which are present with the predominating or fundamental tone. 

It would appear that two impulses, which are equivalent to four single 
or half vibrations, are sufficient to produce a definite note, audible aa 
Buch through the auditory nerve. The note produced by the shocks of 
the t«eth of n revolving wheel, at regular intervals upon a solid body, is 
still heard when the teeth of the wheel are removed in succession, until 
two only are left; the second produced by the impulse of these two teeth 
has still the same definite value in the scale of music. 

The maximum and minimum of the intervals of successive impulses 
■till appreciable through the auditory nerve as determinate souncla. have 
been determined by M. Savart. If their intensity is sufficiently great, 
strands are still audible which result from the succession ot 48,000 half 
Vol. 11.-18. 
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Tibrationa, or 24,000 impulses in a second; and this, probably, is not the 
extreme limit in acuteness of sounds perceptible by tbe ear. For the op- 
posite extreme, he baa succeeded in rendering sounds audible wliich were 
produced by only fourteen or eigbteen half vibrations, or seven or eight 
impulses in a second; and sounds atill deeper might probably be lieud, 
if the individual impulses could be sufficiently prolonged. 

By removing one or several teeth from the toothed wheel the fact has 
been demonstrated that in the case of the auditory nerve, aa in that of 
the optic nerve, the sensation continues longer tbiui tbe impression which 
causes it; for a removal of a tooth from tbe wheel produced no iuterra|^ 
tion of tire sound. The giudual cessation of the seusation of sound ren- 
ders it difficult, however, to determine its exact duration beyond that of 
tbe impression of the sonorous impulses. 

Direction of Sounds. — The power of perceiving the diredion of 
sound? is not a faculty of the seuse of hearing itself, but is an act of the 
mind judging on experience previously actjuired. From the modifications 
wliich the sensation of sound undergoes ^cording to the direction in 
which the sound reaches us, the mind infers the position of the sounding 
body. The only true guide for this inference is the more intense action 
of the Bonrid upon one than upon the other ear. But even here there is 
room for much deception, by the influence of reflexion or resonance, and 
by the pi'opagation of sound from a distance, without loss of intensity, 
through curved conducting tubes filled with air. By means of such tutxs, 
or of solid conductors, which convey the sonorous vibrations from their 
source to a distant resonant body, sounds may be made to appear to 
originate in a new situation. The direction of sound may also be judged 
of by means of one oar only; the poeition of the ear and head being 
varied, so that the sonorous undulations at one moment fall upon the o»r 
in a perpendicular direction, at another moment obliquely. But when 
neither of these circumstances can guide us in distinguishing the direction 
of sound, as when it falls equally upon both ears, its source being, for 
example, either directly in front or behind us, it becomes impossible to 
determine whence the sound comes. 

Distance of Sounds.— The distance of the source of sounds 
recognized by tbe sense itself, but is inferred from their intensity. The 
Bonnd itself is always seated but in one place, namely, in our ear; but it 
is interpreted as coming from an exterior soniferous body. When the inr 
tensity of the voice is modifiud in imitation of the effect of distance, it 
excites the idea of its originating at a distance. Ventriloquists take 
advantage of the difficulty with which the direction of sound is recognized, 
and also the influence of the imagination over our judgment, when they 
direct their voice in a certain direction, and at the same time pretend^ 
themselves, to hoar the sounds as coming from thence. 

The effect of tbe action of sonorous undulations npon the 
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hearing, Dudures somewhat longer thaii the period during wliicli the nn- 
dulutioDB are pofising through tlie ear. If, liowever, the impressions of 
the same sound be very long continued, or conatniitly repeated for a long 
time, then the sensation produced may continue for a very long time, 
more than twelve or twenty-four hours even, after the original cause of 
the sound has cesised. 

Binaural Sensations. — Gorrospouding to the double vision of the 
eame object with the two eyes, is the double hearing with the two ears; 
and analogous to the double vision with one eye, dependent on unequal 
refraction, is the double hearing of a single sound with one ear, owiug to 
the sound coming to the eur tiirough media of unequal conducting power. 
The first kind of double hearing is very rare; instances of it are recorded, 
however, by Sauvages and Itard. The second kind, which depends on 
the unc'[uiil conducting power of two medfa through which the same 
Bounil in tnuismitted to the ear, may easily be espenonced. If a small 
bell be sounded in vater, while the ears are closed by plugs, and a solid 
conductor be interposed between the water and the ear, two sounds will 
be heard differing in intensity and tone; one being conveyed to the ear 
through the medium of the atmosphere, the other through the conduct- 
ing-rod. 

Subjective Sensations of Sound. — Subjective sounds are the result 
of a state of irritation or excitement of the auditory nerve produced by 
other cjtusea than sonorouH impulses, A state of excitement of this 
nerve, however induced, gives rise to the utensation of sound. Uence the 
ringing and buzzing in the ears heard by persons of irritable and exhausted 
nervous system, and by patients with cerebral disease, or disease of the 
auditory nerve itself; honce also the noise in the ears heard for some 
time after a long journey in a rattling noisy vehicle. Ritter found that 
electricity also excites a sound in the ears. From the above truly subjec- 
tive sound we must distinguish those dependent, not on a state of the 
auditory nerve itself merely, but on sonorous vibrations excited in the 
auditory apparatus. Such are the buzzing sounds attendant on vascular 
congestion of the head and ear, or on aneurismal dilatation of the vessels. 
Frequently even the simple pulsatory circulation of the blood in the ear 
is heard. To the sounds of this class belong also the buzz or ham heard 
during the contraction of the palatine muscles in the act of yawning; 
during the forcing of air into the tympanum, so as to make tense the 
membrana tympani; and in the act of blowing the nose, as well as dur- 
ing the forcible depression of the lower jaw. 

Irritation or excitement of the auditory nerve is capable of giving rise 
to movements in the body, and to sensations in other organs of scnso. 
In both cases it is probable that the laws of reflex action, through the 
medium of the brain, came into play. An intense and sudden noise ex- 
cites, in every person, closure of the eyelids, and, in nervous individuals. 
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a. Btart of the whole body or an nnpleaaaut seHBation, like that produced 
by an electric ehock, throughout the body, and Bometimes a particular 
feeling in the external ear. Various sounds cause in many people a dis- 
agreeable feeling in the teeth, or a sensation of cold tickling through the 
body, and, in some people, intenE« sounds are said to make the saUra 
collect. ■ 

Sight. 

Eyelids and Lacbirmal Apparatus. — The eyelids consist of two 
movable folds of skin, each of which is kept in shape by a thin plate of 
yellow elastic tissue. Along their free edges are inserted a number of 
curved haira (eyelashes), which, when the lids are half closed, serve to 
protect the eye from dust and other foreign bodies: their tactile BensibU- 
ity is also very delicate, 
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On the inner surface of the eliiatic tissue arc disposed a number of 
small racemose glands (Meibomian), whose ducts open near the free edge 
of the lid. 

The orbital surface of each lid is lined by a dilicate, highly Bensitive 
mucous membrane {conjuncUva), which is continuous with the skin at 
the free edge of each lid, and after lining the inner surface of the eyelid 
is reflected on to the eyeball, being somewhat loosely adherent to ths 
sclerotic coat. The epithelial layer is continued over the cornea at its 
anterior epithelium. At the inner edge of the eye the conjunctiva 
becomes continuous with the miicons lining of the lachrj'mal aac and 
duct, which again is continuous with the mucous membrane of 
ferior meatus of the nose. 
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The lachrymal gland is lodged in the upper and enter angle of the 
orbit. Its Beeretion, which issucB from several ducts on the inner surface 
of the upper lid, under ordinary circumstances just suffices to keep the 
oonjunctiva moist. It passes out through two small openings (puncta 
lauhrymalia) near the inner ungle of the eye, one in eiich lid, into the 
lachrymal sac, and thenco along the nasal duct into the inferior meatus 
of the nose. The eicessive secretion poured out 
under the influence of iiny irritating vapor or pain- 
ful emotion overflows the lower lid in the form of 
tears. 

The eyelids are closed by the contraction of a 
sphincter muscle {orbicularis), supplied by the 
Facial nerve; the upper lid is raised by the Levalnr 
palpebruB nuperioris, which is supplied by the 
Thkd nerve. 

The Eyeball. 

The eyeball or the organ of vision (Fig. 365) 
ooiuiata of a variety of etructnres which nuty be 
' tt(iu enumerated: — 

The sclerotic, or ontermoet coat, envelopes 
sbont five-sixths of the eyeball: continuous with 
it, in front, and occup}'ing the remaining sixth, is 
the corttta. Immediately within the sclerotic is 
the choroid coat, and within the choroid is the 
retina. The interior of the eyeball ie well-nigh 
filled by the aqueous and vitreous humors and 
the cry»taUine lens; but, also, there is suspended 
in the interior a contractile and perforated cur- 
tain, — the iris, for regulating the admission of ^^ '7ir»ai^Ten^\ 
light, and behind the junction of the sclerotic JSwSdJ^*''^tiiSS% 
and coniea is a ciliary muscle, the function of JJJ^ i^LZi^^-'—^-i? 
which is to adapt the eye for seeing objects at 
various distances. 

Structure of Sclerotic. — The sclerotic coot 
ia composed of connective tissue, arranged in vari- 
ously disposetl and inter-communicating layers. It 
ia strong, tough, and opaque, and not very elastic. 

Structure of Cornea. — The cornea ia a transparent membrane which 
forms a segment of a smaller sphere than the rest of the eyeball, and ie 
let in, as it were, into the sclerotic with which it ia continuous all round. 
It is coated with a laminated anterior epithelium {a. Fig. 3CT) consisting 
of Boven or eight layers of cells, of which the superficial ones are flattened 
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and Bcoly, and the deeper ones more or lesB oolnmnor. Inimedialel; 
beneath this is the anterior ehistic lamina (Bowmnn). 

The cornea tissue proper as well as its epitholiiim ia, in the adnlt. 
completelj'd'sstitiiteof btooii-vesBela; it coiiBistsof aninterccIlnlargronnd- 
BUbatance of rather obscurely librillated flattened bnndle? of coiiuective 
tisene, arranged parallel to the free surface, and forming tlie boundaries 
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of branclied anastomosing spaces in which the comea-corpnsclea He. These 
branched cornea-corpuscles have been seen to creep by amwboid move- 
ment from one branched space into another. At its posterior surface the 
cornea is limited by the posterior elastic lamina, or membrane of Deacemet, 
the inner layer of which consists of a single stratum of epithelial cells 
(Fig. 3fi6, d). 

Nerves of Cornea. — The nerves of the cornea are both large and 
numerous: they are derived from the ciliary nerves. They traverse tha 
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substance of the cornea, in wliich some of them terminate, in the direc- 
tion of its anterior surface, near which the axis cylinders break up intof 
bundles of very delicate beaded fibrillie (Fig. 3CC): these form a plerua 
immediately beneath the epithelium, from which delicate fibrils paes up 
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between the cells anastomosing with horizontal branchee, and forming s 
deep intra-e pith e Hal plexua, from which fibres ascend, till near the snrfoce 
they form a BUperlieiul intra-epithelial network. 

Structure of Choroid (funica rasailosa). — This coat of the eye- 
ball is formed by a very rich iiotwork of capillaries (chorio-capillaris) out- 
side which again are coniiective-tisBue layers of stellate pigmented cells 
(Fig. 25) with numerous arteries and veins. 

Tlie choroid coat ends in front in what are called the ciliary processes 
(Fig. 305). 

Structure of Retina. — The retina {Fig. 370) is a delicate mem- 
brane, concave, with the concavity directed forward and ending in front, 
near the outer part of the ciliary processes in a finely notched edge, — the 
ora serrata. Semi-transparent when fresh, it soon becomes clouded and 
opaque, with a pinkish tint from the blood in its minute vessels. It results 
from the sudden spreading out or expansion of the optic nerve, of whose 
terminal fibres, apparently deprived of their external white substance, 
together with nerve cells, it is essentially composed. 
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Exactly in the centre of the retina, and at a point thus corresponding to 
the axis of the eye in which the sense of vision is most perfect, is a round 
yellowish elevated spot, about ^ of an inch in diameter, having a minute 
aperture at it* summit, and called after its discoverer the t/elfow spot of 
Sammering. In its centre is a minute depression called fovea centralis. 
Abont jij of an inch to the inner side of the yellow spot, and consequently 
of the axis of the eye, is the point at which the optic nerve begins to 
spread out its fibres to form the retina. This is the only point of the 
surface of the retina from which, the power of vision is absent. 

The retina consists of certain nervous elements arranged in several 
layers, and supported by a very delicate connective tissue. 

From the nature of the case there is considerable uncertainty as to the 
character (nervous or connective tissue) of some of the layers of the retina. 
The following ten layers, from within outward, are usnally to be (listin- 
gnished in a vertical section {Figs. 370, 373). 
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1. Membraria limitana intertta : a delicate membrane in contact « 
the vitreous humor. 

2. Fibres of opltc nerve. This layer is of very varying thicksess in 
different parts of the retina: it consists chieSy of non-mednllBted Bbres 
which interlace, and some of which are continuous with proceflses of the 
large nerve-cella fomtinp; the nest layer. 
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3. Layer of ganglionic corpuscles, conaisting of large multipolar nerve- ■ 
cells, sometimes forming a single layer. In some parts of the retina T 
especially near the macula lufea, this layer is very thick, consisting trf I 
several distinct strata of nerve-cells. These cells lie in the spaces of a I 
connective- tissue framework. 
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4. Molecular inyer. ThU preBetita a finely granulated appearance. It 
consiata of a punctiform connective-tiseue travereed by numberless very 
fine fibrillar procesaea of the nerve-cclU, 

5. Jnfernal granular layer. This oonsista chiefly of numerous small 
round cells with a very smull quantity of protoplnsm eurrouuding a lur^u 
nucleus; lliey are generally bipolar, giving off one process outward and 
another inward. They greatly resemble the ganglionic corpuscles of the 
cerobellnm (Fig. 330). Besides those there itre large ovul nuclei (i, Fig. 
370, A) belonging to the BustentocnUr connective-tissue fibres. 

6. Interyranular layer; which closely resembles the molecular layer, 
but is much thiuner. It consists of 6iiely-dotted connective tissue with 
nerve fibrils. 

",. External granular layer; which consists of several strata of smail 
cells resembling those of the internal granular Invcr: tlicy huve been 
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classed as rod and cone granules, according as they are connected by very 
delicate fibrils with the rods and conea respectively. They are lodged 
in the meshee of a cunnective- tissue framework. Both the internal and 
external granular layer stain very rapidly and deeply with hfemat^oxylin, 
while the rod and cone layer remains quite unstained. 

8, Membrnna limitans externa; a delicate, well-defined membrane, 
dearly marking the internal limit of the rod and cone layer 

9. Bod iinrl cont hiyer, bofiUar layer, or membrane of Jarab, consisting 
of two kinds of elements: the "rods," which are eylindrical and of uni- 
form diameter throughout, and the "cones," whose internal portion m 
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distinctly conical, and sunnnunted extornally by a thiji rod-liko body. 
According to the researcheB of Jlax Schultze, the rods bIiow traces of 
lougitudiiiiil fibrillation, and, moreover, have a great tendency to bre*k 
up into a number of transverse discs like a pile of coins. 

In the rod and cone kyer of birds, the conea usually predominate 
lai^ely in number, whereae in man the rods are by far the more numer- 
ous. In nocturnal birds, liowever, such as the owl, only rods are present, 
and the same appears to be the case in many nocturnal and burrowing 
mammalia, e.g., bat, hedge hog, mouse, and mole 
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10. Figment cell lat/er, which was formerly considered part of the 

choroid. 

In the centre of the yellow spot (macula Intea), all the layers of the 
retina become greatly thinned out and almost disappear, except the rod 
and cone layer, which considerably increases in thickness, and comee to 
consists almost entirely of long slender cones, the rods being very few 
number, or entirely absent. There are capillaries here, but none of tl 
larger branches of the retina! arteries. 
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With regard to the connection of the various layers 4here is 
uncertainty. Fig. 3,70 repreaentB the view of Max Schultze. j 
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to thU there are certain sustentacular fibres of connective tissue (radiating 
fibres of MiUler) which spring from tlit' membraiinl imitatu interna almost 
vertically, and traverse the retina to the limitanf externa, whence very 
delicnte connective tissue proceeses pass tip between the rods and conea. 
The framework which they form is represented in Fig. 370, A. The wen-- 
ou* elements of the retina are represented in Fig. 370, B, and consist of 
dtilicate fibres passing uji from the nerve-iibre layer to the rods and cones, 
and connected with the ganglionic corpuscles and grannies of the internal 
and external layer. 

Blood-vessels of the Eyeball. — The eye is Tery richly supplied 
with blood-vessels. In addition lo the conjunctival vessels which are 
derived from the palpebral and lachrymal arteries, there are at leu^t two 
other distinct sets of vessels supplying thctunics of the eyeball. (1) The 
vessels of the sclerotic, choroid, and iris, and (3) The vessels of the retina. 

(1.) These are the short and long /»op^enor ciliary arteries which pierce 
the sclerotic in the pos^rior half of the eyeball, and the anterior ciliary 
which enter near the insertions of the recti. These vessels anastomose 
and form a very rich choroidid plexus; they also supply the iris and cili- 
ary processes, forming a very highly vascular circle round the outer mar- 
gin of the iris and adjoining portion of the sclerotic. 

The distinctness of these vessels from those of the conjunctiva is well 
seen in the difference between the bright red of blood-shot eyes {con- 
junctival congestion), and the pink zone surrounding the cornea which 
indicates deep-seated ciliary congestion. 

(a.) The retinal vesseln (Fig. 372) are derived from the arlerla cen- 
tralis retina, which enters the eyeball along the centre of the optic nerve. 
They ramify all over the retina, cliietly in its inner layers. Tney can be 
Been by direct ophthalmoscopic examination. 

Optical AppABATca. 

The eye may be compared to the ciiwera used by photographers formed 
by a convex lens. In this instrument images of external objects ai'e 
thrown upon a ground-glass screen at the back of a box, the interior of 
which is painted black. In the eye the convex lens is represented by the 
crj'stulline lens, the dark box by the eyeball with its choroidal pigment, 
•iid the screen by the retina. In the case of the camera the screen is 
enabled to receive clear images of objects at different distances, by being 
■bifted forward and back: while the convex lens too can be screwed in 
•nd out. The corresponding contrivance In the eye will be described 
under the head of Accommoda/ion. 

Conditions .Necessary. — The essential constituents of the optical 
ap[>aratus of the eye may bo thus enumerated: (1) A nervous slruciure 
(the retina) to be stimulated by light and to transmit by means of the 
Optic nerve, of which it is the terminal expansion, the impression of the 
fltimaUtion to the bnun, in which it excites the sensation of vision; (i) 
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An apparatus coiiBisting of certain refractory media, cornea, cryatallinB 
lena, aqueooa and vitreous humor, the function of which is to coUeoi 
together into one point the different divergent rays emitted by each point 
of every eitemal body and of giving them such directions that they are 
exactly focussed upon the retina, and thus produce an exact image of 
the object from which they proceed. For as light radiates from a lu- 
minous body in all directions, when tlie media offer no impediment to 
its transmission, a luminous point will necessarily illuminate all parts 
of a surface, such as the retina opposed to it, and not merely one single 
point. A retina, therefore, without any optical apparatus placed m 
front of it to separate the light of different objects, would not allow of 
distinct vision, but would merely transmit such a general impression of 
daylight as would distinguish it from the night; (3) A contmctili? dia- 
phragm (iris) with a central aperture for regulating the quantity of light 
admitted into tho eye; and (4) a contractile structure (ciliary muscle), 
an arrangement by which the rhief refracting m^ium (crystalline len*) 
shall be so controlled as to enable objects to be seen at various distance!, 
causing convergence of the rays of light that fall upon and traveree il- 
(accommodation). 

Repbactino Media. 

Of the refracting media the cornea is in a twofold manner capable of 
refracting and causing convergence of the rays of light that (aJl apn^i 
and traverse it. It thus affects them first, by its density; for it ia a Iai 
in optics that when rays of light pass from a rarer into a denser medini 
if they impinge upon the surface in a direction removed from the pw-] 
pendicular, they are bent out of their former direction toward that of 
line perpendicular to the surface of the denser medium; and, secondly, 
by its convexity; since rays of light impinging upon a convex transparent'l 
surface, are refracted toward the centre, those being niost refracted whicll:! 
are farthest from the centre of the convex surface. 

Behind the cornea is a space containing a thin watery fiuid. the aqut- 
o:ts humor, holding in solution a small quantity of sodium chloride and 
extractive matter. The space containing the aqueous humor is divided 
into an anterior and posterior chamber by a membranous partition, th« 
tris, to be presently again mentioned. The effect produced by tho aque- 
ous humor on the rays of light traversing it, is not yet fully ^certained. 
Its chief use, probably, is to assist in filling the eyeball, so as to main- 
tain its proper convexity, and at the same time to furnish a medinm iit< 
which the movements of the iris can take place. 

Behind the afjueous humor and the iris, and imbedded in the anterior 
part of the medium next to he deacribed, viz., the vitreous humor, is seated 
a doubly-convex body, the crystalline lens, which is the most important 



\ 



i 



THE SSNSXB. 



205 




Flo. »ri.— LainlnUKi sti 
r QiK CTyntellim Ivnu. The 
unlDB »ri-Bpll[ upnflw banlpn- 
-jg In alcohol. 1 , llif ■Itim-r crn- 
irnl p»rt or niicleuH; ». Uib mic- 
CMBlve ejcteroal ■■;««. k. lAr- 



refracting structure ol the eye. The etructure of the lens is very complex. 
It conBists essentially of fibres united Bide by aide to each other, oiid 
arranged together in very iiumerouB laminiB, which are bo placed upon 
one aDotlier> that when hardened in spirit the lens splits into three por- 
tions in the form of Bectore, each of which is composed of EUperimposed 
concentric laminee. The lens increasee in density and, conBciiueutly, in 
power of refraction, from without inward; the 
central part, nsually termed the uucleiiB, being 
the most dense. 

The vitreous humor constitutea nearly four- 
fifths of the whole globe of the eye. It fills 
op the space between the retina and the lens, 
and its soft jelly-like Bubstance consistB easen- 
tially of numerous layers, formed of delicate, 
simple membrane, the spaces between which 
aru filled with a watery, pellucid fluid. Its 
principal iise appears to be that of giving the 
proper distension to the globe of the eye, and 
of keeping the surface of the retina at a proper 
distance from the lens. 

Action of the Iris. — The iris is a vertically-placed membranous dia- 
phragm, provided with a central aperture, the pvpil, tor the tratiHrnission 
of light. It is composed of plain muscular fibres imbedded in ordinary 
fibn>cellular or connective tissue. The muscular fibres have a direction, 
for the moat part, radiating from the circumference toward the pupil; but 
as they approach the pupillary margin, they assume a circuUir direction, 
and at the very edge form a complete ring. By the contraction of the 
radiating fibres (dilator pupillee) the size of the pupil is enlarged: by the 
contraction of the circular ones (Bphincter pupiUie), it is diminished. The 
object effected by the movements of the iris, is the regulation of the 
quantity of light transmitted to the retina. The posterior surface of the 
iriB is coated with a layer of dark pigment, so that no rars of light can 
pass to the retina, except such as are admitted through the aperture of 
the pupil. 

This iris is very richly supplied with nerves and blood-vessels. Its 
circular muscular fibres are supplied by the third (by the short ciliary 
branches of the ophthalmic ganglion), and its radiating fibres, by the sym- 
pathetic and filth cranial nerve {by the long ciliary branches of the nasal 
nerve). 

Contraction of the pupil occurs under the following circumstances: (1) 
On exposure of the eye to a bright light; (2) when the eye is focussed for 
near objects; (3) when the eyes converge to look at a near object; (4) on 
the locaj application of eserine (active principle of Calabar bean); (5) on 
the administration internally of opium, aconite, and in the early stages 
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of cliloroform and alcohol poiBoiiiug; (6) on division of tlie cervical eym- 
pathetic or Btimulation of tlie third nerve. Dilatation of the pupil 
occurs (1) in a dim light; (3) when the eye isfocusaed for distant objects; 
(3) on the local application of ati-opine and its allied alkaloids; (4) on the 
internal administration of atropine and its allies; (5) in the later stage* 
of poisoning by chloroform, opium, and other drugs; (0) on paralysii 
of the third ner\-e; (7) on stimulation of the cervical sympathetic, or of 
its centre in the floor of the front of the aqueduct of Sylvius. The con- 
traction of the pupil appears to be under the control of a centre in the 
corpora qHadrigemina, and this ia reflexly stimulated by a bright light, 
and the dilatation when the rodex centre is not in action is due to tlie 
more powerful sympathetic action; but in addition, it appears that both 
contraction and dilatation may be produced by a local meclianiam, upon 
which certain drugs can act, wliich is independent of and probably often 
antagotustic to the action of the central apparatus of the third and ej 
pathetic nerves. The action of the fifth uervo upon the ]>upil i& not 
understood, but its apparent eHect in producing dilatation is due to the 
mixture of sympatlietic fibres with its nasal branch. The sympatbetic in- 
fluence upon the radiating fibres is believed to be conveyed, not by the 
long ciliary branches of that nerve, but by the short ciliary branches from 
the ophthalmic ganglion. 

The close sympathy subsisting between the two eyes ie nowhere better 
shown than by tlie condition of the pupil. If one eye be shaded by the 
hand its pupil wit! of course dilate; but the pupil of the other eye will 
also dilate, thongh it is unshaded. 

Ciliary Muscle. — Tlie ciliart/ muscle is composed of plain muscular 
fibres, wliich form a narrow zone around the interior of tlie eyehallj 
the line of junction of the cornea with the sclerotic, and just behind thvi 
outer border of the iris (Fig- 305). The ovlermost fibres of this maad*" 
are attached in front to the inner part of the sclerotic and cornea at th( 
line of junction, and diverging somewhat, are flsed to the ciliary pro* 
ceases, and a small portion of the clioroid immediately behind them. 
The ituier fibres immediately within the preceding, form a circular 
around the interior of the eyeball, outside the ciliary processes. TheJ'' 
compose the ring formerly called the ciliary ligament. 

Accommodation of the Eye. — The distinctness of the 
formed upon the retina, is mainly dependent on the rays emitted by each 
luminous point of the object being brought to a perfect focus upon the 
retina. If this focus occur at a point either in front of, or behind the 
retina, indistinctness of vision ensues, with the production of a halo. 
The /oca/ distance, i.e., the distance of the point at which the Inminous 
rays from a lens are collected, besides being regulated by the dejpreo of 
convexity and density of the lens, varies with the distance of the object 
from the lens, being greater as this is shorter, and vice vend. Hence, 
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since objects placed at various distances from the aye can, within aceriuin 
range, different in different {lereone, be seen with almost equal distinct- 
ness, tliere must be some provigion by which the eye is enabled to adapt 
iteolf, BO that whatever length the focal distance may be, the focal point 
may alvays fall exactly upon tho retina. 

This power of adaptQtion of the tyt ia vision at different distancen has 
received the most varied explanations. It isobvions that the effect might 
be produced in either of two ways, viz., by altering the convexity or in- 
•teneity, and thus liie refracting power, either of the cornea or lens; or by 
changing the position either of the retina or of the lens, so that whether 
the object viewed be near or distant, and the focal distance thus increased 
or dtminiBhed, tho focal point to which the rays are converged by the 
lens may always be at tlie jilace occupied by the retina. The amount of 
either of these changes required in even the widest range of vision, is 
extremely small. For, from the refractive powers of the media of the 
eye, it has been calculated by Olbera, that the difference Iwtween the focal 
distances of the images of an object-at such a distance that the rays are 
parallel, and of one at Ihe distance of four inches, is only about 0-U3 of 
on inch. On this calculation, the change in the distance of the retina 
from the lens required for vision at all distances, supposing the cornea 
and lens to maintain tho same form, would not 
be more than about one line. 

It is now almost universally believe<l thot 
Helmholtz is right in his, statement that the 
immediate cause of the adaptation of the eye 
for objects at different distances is a varying 
shape of the lens, its front surface becoming 
more or leas convex, according to the distance 
of the object looked at. The nearer the object, 
the more convex does the front surface of the 
lens become, and vice versd; the back surface 
taking little orno share in the production of 

the effect required. Tlie following simple ex- ----■ .■ 

periment illustrates this point. If a small flame VHdinhoiu. te 
be held a little to one side of a person's eye, an '™**' 
observer looking at the eye from the other side sees three distinct images 
of the flame (Fig. .175). Tho first and brightest is (1) a small erect 
image formed by the anterior convex surface of the cornea: the second 
(3) is also erect, but larger and less distinct than the preceding, and is 
formed at the anterior convex surface of the lens: the third (3) is 
smaller and revereed. it is formed at the ]>o8terior surface of the lens, 
which is concave forward, and therefore, like uil concave mirrors. 
gives a reversed image. If now tho eye under oltservation be made 
to look at a near object, the aecond image becomes smaller, clearer, and 
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approaches the first. If the eye be now adjusted for b 
eecond image enlarges again, becomes loss distinct, and recedes from the 
first. In both ciiaes alike the first and third images remain unaltered in 
size and relative position. This proves that during accommodation for 
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near objects the curvature of the cornea, ajid of the posterior of tto lei 
remains unaltered, while the anterior surface of the lens becomes morij 
convex and approadies the cornea. 
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Mechanism of Accommodation.— Of course vhe lens has no in- 
herent power of contraction, aud therefore its changes of outline must be 
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I produced by some power from without; and there seems uo reoaon to 
- doubt that this power is supplied by the ciliury muack-. It ta Eumetimes 
termed the tensor choroideiB. Ah this name implios, from its attuchmeiit 
(p, 30G, Vol. 11.), it is able to draw forwoj'il the choroid, aod therefore 
slackens the tension of the suspensory ligament of the lens which arises 
from it. The lens is usually partly flattened by the action of the sus- 
pensory ligament; and the ciliary muscle by diminishing the tension of 
this ligument diminishes, to a proportional degree, the flattening of which 
it is the cause. On diminution or cessation of the action of the ciliary 
muscle, the lens returns, in a corresponding degree, to its former shape, 
by virtue of the elasticity of its suspensory ligament (Fig. 377). From 
this it will appear that the eye is usually focussed for distant objects. In 
viewing near objects the pupil contracts, the opposite effect taking place 
on withdrawal of the attention from near objects, and fixing it on those 
distant. 

Rang:e of Distinct Visioa. Near-point. — In every eye there is a 
limit to the power of accommodation. If a book be brought nearer and 
nearer to the eye, the type at last becomes indistinct and cannot be 
brought into focus by any effort of accommodation, however strong. 
This, which is termed the near-point, can be determined by the following 
experiment (ScJieiner). Two small holes are pricked in a card with a 
pin not more than a line apart, at any rate their distance from each other 
must not exceed the diameter of the pupil. The card is held close in 
front of the eye, and a small needle viewed through the pin-holes. At 
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• mwlerate distance it can be clearly fociissed, but when bronght nearer, 
beyond a certain point, the image appears double or nt any rate blurred. 
This point where the needle ceases to appear single is the near-point. Its 
distance from the eye can of course be readily measured. It is usually 
about 5 or C inches. In the accompanying figure (Fig. 378) the lens b 
represents the eye; ef the two pinholes in the can], nn the retina; a 
represents the position of the needle. When the needle is at a moderate 
distance, the two pencils of light coming from e and/, are focussed at a 
Bugle point on the retina nn. If the needle be brought nearer than the 
near-point, the strongest effort of accommodation is not sufficient to focus 
the two pencils, thev meet at a point behind the retina. The effect is 
Vol.. II.— 14. 
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the Game as if the retina were shifted forward to mm. Two imagcji, h.g, 
are formed, one from each hole. It is interesting to note that when two 
imagea are produced, the lower one if really appears in the poeitioit q, 
while the upi)er one appears in the position p. This may be readily 
TeriJied by covering the holes in eucceasion. 

The contents of the ball of the eye are Barrounded and kept in yoA- 1 
tion by the cornea, and the dense, fibrous membrane before referred to ■ 
the sclerotic, which, besides thus encasing the contents of the eye, s 
to give attachment to the various muscles by which the movemente ^ 
the eyeball are effected. These muscles, and the nerves eapplying thM 
have been already considered (p. 138 et seq., Vol. II.). 

Course of a Ray of Light.— With the help of the diagram (Fig. 
37fl) representing a vertical section of the eye from before backward, the 
mode in which, by means of the refracting media of the eye, an imago 
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of an object of sight is thrown on the retina, may be rendered intelligiU 
The rays of the cones of light emitted by the points A e, and every othi 
point of an object placed before the eye, are first refracted, that is, i _ 
bent toward the axis of the cone, by the cornea c c, and the aqueous 
humor contained between it and the lens. The rays of each cone are 
again refracted ant! bent still more toward its central ray or axis by the 
anterior surface of the lens E e; and again as they pass out through its 
posterior surface into the less dense medium of the vitreous humor. For 
a lens has the power of refracting and causing the convergence of the 
rays of a cone of light, not only on their entrance from a rarer medium 
into its anterior convex surface, but also at their exit from its posterior 
convex surface into the rarer medium. 

In this manner the rays of the cones of light issuing from the points 
A and B are again collected to points a and 6; and, if the retina F be 
situated at a and b, perfect, though reversed, images of the points A and 
B will be formed upon it: but if the retina be not at a and fi, but either 
before or behind that situation, — for instance, at H or o, — circular lumi- 
nous spots c and /, or e and o, iiiateati of jwints, will be seen; for at H 
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the rays have nut yet met, and ut u they have already intersected eaish 
other, aud are again diverging. 

The retina mast therefore bo situated at the proper focal dietance 
from the lens, otherwise a defined image will not be formed; or, in other 
words, the rays emitted by a given point of the object will not be col- 
lected into a corresponding point of focus upon the retina. 
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i THE APPABAXrS, 



A. Defects in the Refracting Media. — Under this head wo may 
considor the defects known as (1) Myopia, (2) Hyper met ropia, (3) Astig- 
matism, (4) Spherical Aberration, (5) Chromatic Aberration. 




Flo. SBO— DilMt™nw : 
focua on tbe reLlua: i. no 

(mbon br ■ doUal l)i 



normal (wnmetirjjicl ry* briagiag p»r«U»l rajn eiactlj to 

1.1, r,-*,!!!.- 1 1'viiturv of Uu; Bnlfiinr nirl»or ut Uw Ifi 

: I rm I ■■ iulkalvd liy Uw mtvtinc of Uw n 
. 11^ i,r (he rye I* iihorler. »Bd Um leu IbUta 
1 I. mfoptceye: In thk case lbs kite ol I] 
. 111)8 are fuGUMHl ia trooi oT Ihe ratio*. 



The normal (emmctropio) eye in bo adjnsted that parallel rays are 
brought exactly to a fociia on the retina without any effort of accommo- 
dation (1, Fig. 380). Henoe all objecta except near ones (practio^y all 
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objects more than twenty feet off) are seen without any effort of accom- 
modation: in other words, ttie far-point of the normal eye ia at an infinite 
distance. In viewing near objects we are conscious of an effort (the con- 
traction of the ciliary muscle) by which the anterior surface of the lens is 
rendered more convex, and raya which would otherwise be focnssed behind 
the retina are converged npon the retina (see dotted lines, 2, Fig. 3801. 

1. Myopia (short-sight) (4, Fig. 380).— This defect is due to an 
abnormal elongation of the eyeball. The eye 18 usually larger than 
normal, and is always longer than normal; the lens is also probably too 
convex. The retina is too far from the lens, and consequently parallel 
rays are focusscd in front of the retina, and, crossing, form little cir- 
cles on the retina; thus the images of distant objects are blurred and 
indistinct. The eye is, as it were, permanently adjusted for a near-point. 
Rays from a point near the eye are exactly focussed in the retina. But 
those which issue from any object beyond a certain distance (far-poinl) 
cannot he distinctly focussed. This defect is corrected by concave glasses, 
which cause the rays entering the eye to diverge; hence they do not 
come to a focus so soon. Such glasses of course are only needed to pve 
a clear vision of distant objects. For near objects, except in extreme 
cases, they are not required. 

2. Hypermetropia (long-sight) (3, Fig. 380).— This is the revereo 
defect. The eye is too short and the lens too flat. Parallel niys are 
focussed behind the retina: an effort of accommodation is required to 
focus even parallel rays on the retina; and when they are divergent, as 
in viewing a near object, the accommodation is insufficient to foeus them. 
Thus in well-marked eases distant objects require an effort of accommo- 
dation and near ones a very povrerful effort. Thus the ciliary muscle 
is constantly acting, This defect is obviated by the nee of convex glasses, 
which render the pencils of light more convergent. Such glasses are of 
course esj)ecially needed for near objects, as in reading, etc They reat 
the eye by relieving the ciliary muscle from excessive work. 

3. Astigmatism. — This defect, which was first discovered by Airy, 
is due to a greater curvature of the eye in one meridian than in others. 
The eye may be even myo])ic in one plane and hypermetropic in others. 
Thus vertical and horizontal lines crossing each other cannot both be 
focussed at once; one set stand out clearly and the others are blurred and 
indistinct. This defect, which ia i>reaeut in a slight degree in all eyes, 
is generally seated in the eornca, but occasionally in the lens aa well; it 
may be corrected by the use of cylindrical glasses {i.e. curved only in 
one direction). 

4. Spherical Aberration, — The rays of a cone of light from an ob- 
ject situated at the side of the field of vision do not meet all in the same 
point, owing to their unequal refraction; for the refraction of the rays 
which paas through the circumference of a lens is greater than that oi 



those trarersiiig its central portion. This defect is known n.8 sphmcal 
aberration, mid in the camera, telescope, microBco])e, and other optical in- 
straments, it ia remedied by the interposition of a screen with a circnlar 
aperture in the path of the rays of liglit, cutting off all the margimd rays 
and only allowing the passage of thoee near the centre. Such correction is 
effectwl iu the eye by the iris, which forma an annular diaphragm to cover 
the circumference of the lens, and to prevent the ruya from passing tlirough 
any part of the lens but its centre which corresponds to the pupil. The 
posterior surface of the iris is coated with pigment, to prcrent the passage 
of rays of light through its substance. The image of an object will be 
must defined and distinct when tlie pupil is narrow, the object at tGe 
proper distance for vision.und the light abundant; so that, while a suffi- 
cient number of rays are admitted, the narrowness of the pupil may pre- 
vent the production of indistinctuesa of the image by spherical aberra- 
tion. But even the image formed by the rays passing through the cir- 
cumference of the lens, when the pupil is much dilated, us in the dark, 
or in a feeble light, may, under certain circumstances, be well defined. 

Distinctness of vision is further secured by the outer surface of the 
retina as well us the jiosterior surface of the iris and the ciliary processes, 
being coated with black pigment, which absorbs any rays of light that 
ma; be reflected within the eye, and prevents their being thrown again 
upon the retina so as to interfere with the imttges there formed. The 
pigment of the retina is especially important in this respect; for with the 
excejition of its outer layer the retina is very transparent, and if the sur- 
face behind it were not of a dark color, but capable of reflecting the 
light, the luminous rays which hud already acted on the retina would be 
rcHiicted again through it, and would fall upon other part« of the snnie 
membrane, producing both dazzling from excessive light, and indistinct- 
ness of the images. 

5. Chromatic Aberration.— In the passage of light through on 
ordinary convex lens, decomposition of each ray into its elementary 
colored parts commonly ciisuen, and a colored margin appears around the 
image, owing to the unequal refraction which the elementary colors un- 
dergo. In optical instruments this, which is terme<l cAromatic aberration, 
is corrected by the use of two or more lenses, differing in shape and density, 
the second of which continues or increases the refraction of the rays pro- 
duced by the first, but by recombining the individual parts of each ray 
into its original white light, corrects any chromatic aberration which may 
have resnited from the first. It is probable that the unequal refractive 
power of the transparent media in front of the retina may be the means 
by which the eye is enabled to guard against the effect of chromatic aber- 
ration. The human eye is achromatic, however, only so long as the 
image is received at its focal distance upon the retina, or so lung as the 
«ye lulapta itself to the different distunces of sight. If cither of these 
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oonditions be interfered with, a more or less distinct appeamnce of colon I 
is produced. 

An ordinary ray of white light in passing through a prifim, is refracted,^ 
i.e., bent out of its course, hut the different colored rays wliich go to'fl 
make up white light are refracted in different degrees, and therefors 
appear qb colored bands fading off into each other: thus a colored band 
known as the "spectrum" is produced, the colors of which are arranged 
as follows:^red, orange, yellow, green, blue, indigo, violet; of these the 
red ray ia the least and the violet the most refracted. Ilence, as Helm- 
holtz has shown, a small white object cannot be accurately focussed on 
the retina, for if we focoa for the red rays, the violet are out of focus, 
and vice versd: such objects, if not exactly focussed, are often seen sur- 
rounded by a pale yellowish or bluish fringe. 

For similar reasons a red surface looks nearer than a blue one at an 
equal distance, because, the red rays being less refrangible, a stronger 
effort of accommodation is necessary to focus them, and the eye is ad- 
justed as if for a nearer object, and therefore the red surface appean 

From the insnfficient adjustment of the image of a small white object, 
it appears surrounded by a sort of halo or fringe. This phenon 
termed Irradiaiion. It is from this reason that a white square on a 
black ground appears larger than a black square of the same size on white 
ground. 

Ab an optical instrument, the eye is superior to th« camera in the fol- 
lowing, among many other particulars, which may be enumerated in 
detail. 1. The correctness of images even in a large field of view. 2. 
The simplicity and efficiency of the means by whicfi chromatic aberra- 
tion is avoided. 3. The perfect efficiency of its adaptation to different 
distances. In the photographic camera, it is well known that only a com- 
paratively small object can be accurately focussed. In the photograph 
of a large object near at hand, the upper and lower limits are always mora 
or less hazy, and vertical lines appear curved. This is due to the fact 
that the image produced by a convex lens is really slightly curved and can 
only be received without distortion on a slightly curved concave screen, 
hence the distortion on a flat surface of ground glass. It is different with 
the eye. since it posseseea a ooncave background, upon which the field of 
vision is depicted, and with which the curved form of the image coincide! 
exactly. "Thua, the defect of the camera obscura is entirely avoided; 
for the eye is able to embrace a large field of vision, the margins of which 
are depicted distinctly and without distortion. If the retina had a plane 
surface like the gronnd glass plate in a camera, it must necessarily be much 
larger than is really the case if we were to see as much; moreover, the, 
central portion of the field of vision alone would give a good clear picture^.. 
(Bernstein.) 

B. Defective Accommodation^Presbyopia. — This condition i 
due to the grudiia! loss of the power of accommodation which is part otfl 
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the general decay of o]d age. Iti coneoquenco the patient would be obliged 
in reading to hold his book further and further away in order to focus 
the letters, till at lust the letter are held too far for distinct vision. The 
defect is remedied by weak convex glasses, which are very commonly 
worn by old jwople. It is duo chiefly to tlie gradual iucreose in density 
of the lens, which is unublo to ^well out and become convex when near 
objects are looked at, and also to a weakening of the ciliary muscle, and 
a general loss of elasticity iu the parts concerned in the mechanism. 

Visual Sensations. 

Excitation of the Retina. — light is the normal agent in the exci- 
tation of the retina, the only luyer of which capable of reacting to the 
stimulus being the rods and cones, Tho proofs of this statement may bo 
Bummed up thus: — 

(1.) The point of entrance of the optic nerve into the retina, where 
the rods and cones are absent, is insensitive to light and is called the 
Hind gpot. The phenomenon itself is very readily demonstrated. If wo 
direct one eye, the other being closed, upon a point at such a distiince 
to the side of any object, that the image of the latter must full upon the 
retina at the point of entrance of the optic nerve, this image is lost either 
instantaneously, or very soon. If, for example, we close the left eye, and 
direct the axis of the right eye steadily toward the circular spot here 



represented, while the page is held at a distance of abont six inches from 
the eye, both dot and cross are visible. On gradually increasing the 
distance between the eye and the object, by removing the book farther 
and farther from the face, and still keeping the right eye ste-udilj on the 
dot, it will be found that suddenly the cross disappears from view, while 
on removing the book still farther, it suddenly comes in sight again. 
TIko cause of this phenomenon is simply that the portion of retina which 
is occupied by the entrance of the optic ner\e, is quite blind; and there- 
fore that when it alone occupies tlie field of vision, objects cease to be 
visible. (2.) In the fovea centralis and macula lutea, which contain roda 
and cones but no optic nerve-fibres, light produces the greatest clTect. 
In the latter, cones occur in larger numbers, and in the former cones 
without rods are found, whereas in the rest of the retina which is not 
so sensitive to light, there are (ewer cones than rode. We may conclude, 
therefore, that cones are even more important to vision than rods. (3.) 
If a small lighted candle be moved to and fro at the side of and close to 
one eye in a dark room while the eyes look steadily forward into the dark- 
neaa, aremorkablo branching figure {Purkinje'sjli/ures) is seen floating 
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before iLe eye, couaiBting of dark lines on a reddish gronnd. As the 
eaiidle iiiovea, the figure movea in the opposite direction, .and from its 
whole appearunce there can be no doubt that it is a reversed picture of 
the retinal vessels projected beforo the eye. The two lai^e branching 
arteries jiassing up and down from the optic disc are clearly visible to- 
gether with their minutest branches, A little to one eide of the diso, in 
a part free from veasels, is Been the yellow epot in the form of a Blight de- 
pression. This remarkable appearance is doubtless due to shadows of 
the retinal vessels cast by the candle. The branches of these vessels aro 
chielly distributed in the nen'e-fibro and guuglionic layers; and since the 
light of the candle falls on the retinal vessels from in front, the shadow 
is cast behind them, and hence those elements of the retina which perceivB' 
the shadows nmst also lie behind the vessels. Here, theii. we have 
clear proof that the tight-perceiving elements of the retina are not ths^ 
fibres of the optic nerve forming the innermost layer of the retina, but 
external layers of the retina, almost certainly the rods and cones, whicKJ 
indeed apjwar to be the special terminations of the optic nerve- 

Duration of Visual Sensations. — The duration of the 8eQ£atii 
produced by a luminous impression on the retina is always greater thi 
that of the impression which pi-oduces it. However brief tlje luminotW 
impression, the effect on the retina always lasts for about one-eighth of i " 
eecond. Thus, snppoeing an object in motion, say a horse, to be reveiilod| 
on a dark night by a flash of lightning. The object would be seen api 
ently for an eighth of a. second, but it would not appear in moti( 
because, although the image remained on the retina for this time, it 
really revealed for such an extremely short period (a flash of lightnii 
being almost instantaneous) that no appreciable movement on the part 
the object could have taken place in the period during which it 
vealud to the retina of the obser^'er. And the same fact is proved in 
reverse way. The spokes of a rapidly revolving wheel are not scenu 
distinct objects, because at every point of the field of vision over which 
the revolving epokes pass, a given impression has not faded before another 
comes to replace it. Thus every part of the interior of the wheel apj 
occupied. 

Tiie duration of the after-sevsation, produced by an object, is great 
in a direct ratio with the duration of the impression which caused it' 
Hence the image of a bright object, as of the panes of a window through 
which the light is shining, may be perceived in the retina for a consider- 
able period, if we have previously kept our eyes fixed for some time 
it. But the image in this case is nef/ative. If, however, after shnf 
the eyes for some time, we open them and look at an object for an insi 
and again close tliem, the after-image isposilire. 

Intensity of Visual Sensations.— It is quite evident that the mi 
luminous a body the more intense is the sensation it produces. Bnt 
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iutensity of tlie sensation U not tlirectli/ proportional to tlio intensity of 
the luminoaity of the object. It is necessary fo/ light to have a certain 
inteneity before it cun excite the retina, but it la impossible to fix an 
arbitrary limit to the power of excitability. As in other sensations, so 
also in visual sensations, a stimulus may be too feeble to pioduee a sen- 
sation. If it bo increased in amount sufliciently it begins to produce im 
effect which is increased on the increiute of the stimulation; this imi'caso 
in the eflect is not direitly proportionul to tlie increase in the cxcitationi 
but, according to Fechiier'a law, "oB the logarithm of the stimulus," i.e., 
in each sensation, there is a constaut ratio between the increase in the 
stimulus and the increase in the sensation, this constant ratio for each 
sensation expresses the least perceptible increase in the sensation or min- 
imal increment of excitation. 

This law. which is true only within certain limits, may be best under- 
stood by an oxamjile. When the retina has been stimulated by the light 
uf one candle, the light of two candles will proiluoe a difference in sensa- 
tion which can be distinctly felt. If, however, the first stimulus hod 
been that of an electric light, the addition of the light of a candle would 
make no difference in the sensation. So, generally, for an udditinual 
stimulus to ho felt, it may be proportionately small if tho original stim- 
ulus have been small, and must be greater if the original stimulus Imve 
been great. The stimulus increases us the ordinary numbers, wUilo the 
sensation increases as the logarithm. 

The Ophthalmoscope. — Part of the light which enters the eye is 
absorbed, and produces some change in the retina, of which we shall treat 
further on; the rest is rellected. 

Every one is perfectly familiar with the fact, that it is quite iniims- 
sibic to see i\\e fundus or back of another person's eye by simply looking 
into it. The interior of the wye forms a perfectly black background to 
the pupil. The same remark a)ipIieB to an ordinarA- photographic camera, 
and may be illustrated by the difficulty we experience in seeing into a 
room from the street through the window, unless the room be lighted 
within. In the case of the eye this fact is partly due to the feebleness of 
the light reflected from the retina, most of it being absorbed by the cho- 
roid, as mentioned above; but fur more to the (act that every such ray is 
reflected straight back to the source of light (e.g., candle), and cannot, 
therefore, be seen by the unaided eye without intercepting the incident 
light from the cuiidle. as well as the reflected niys from the retina. This 
difficulty has been surmounted by the ingenious device of Helmholtz, 
now so extensively used, termed the oplitlialiuoncojie. As at present used, 
it consists of u small slightly concave mirror, by which light i& reflected 
from u cnniilc into the eye. The oliserver looks through a hole in the 
mirror, and can thus explore the illuminated fundus; the entrance of the 
optic nerve and the retinal vessels being plainly visible. 
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Visual Purple. — The method by which a my of light is able toetim- , 

iilate tlie endinga of the optic nen-e in the retina in such a manner that I 
a visual eensation ia perceived by the cerebrtim is not yet underatood. It I 
LB supposed that the change effected by the agency of the light which 
falls upon the retina is in fact a chemical alteration in the protoplasm, I 
and that this change stimulates the optic nerre -endings. The discoveiy I 
of a certain tempoi-arj- red dish- purple pigmentation of the outer limbs of 1 
the' retinal rods in certain animals (e.g., frogs) which have been killed | 
in the dark, forming the eo-called visual purple, appeared likely to offer ' 
Bome explanation of the matter, especially as it was also found that the [ 
pigmentation disappeared when the animal was exposed to light, and re- 
appeared when the light was removed, and also that it underwent distinct 
changes of color when other than white light was used. The viaual 
purple cannot however be absolutely essential to the due ])roduction of 
visual sensations, as it is absent from the retinal cones, and from the 
macula lutea and fovea centralis of the human retina, and does not ap- 
pear to exist at all in the retinas of some animals, e.ff,, bat, dove, and ' 
hen, which are, nevertheless, posBessed of good vision. ' 

If the operation be performed quickly enough, the image of an object . 
may bo fixed in the pigment on the I'etina by soaking the retina of an | 
animal, which has been killed in the dark, in alum solution. 

Electrical Currents. — According to the careful researches of Dewar 
and McEendrick, and of Holmgren, it appears that the stimuluB of light 
is able to produce a variation of the natural electrical current of the 
retina. The current is at first increased and then diminished. McKen- 
drick believes that this is the electrical expression of those chemical 
changes in the retina of which we have already spoken. 

Visual Perceptions and Juhoments. 

Reversion of the Image. — The direction given to the rays by their 
refraction is regulated by that of the central ray, or axis of the cone, 
toward which the rays are bent. The image of any point of an object ia, 
therefore, as a rule (the exceptions to which need not here be stated), always 
formed in aline identical with the axis of the cone of light, aa in the line 
of B o, or A & (Fig. 381), so that the spot where the image of any point 
will be formed upon the retina may be determined by prolonging the 
central ray of the cone of light, or that ray which ti-averses the centre of 
the pupil. Thus A i* is the axis or central ray of the cone of light issuing 
from a; B n the central ray of the cone of light issuing from b; the 
image of a is formed at b, the image of B at a. in the inverted position; 
therefore what in the object was above is in Ihe image below, and viet 
versd, — the right hand part of the object is in the image to the left, the 
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left-hand to the right. If un opening he mntle in an eye at its superior 
surface, so that the retina can be Been through the vitreous humor, this 
reversed image of any bright object, such as the windows of tho room, 
may bo peroeivwl at the bottom of the eye. Or still better, if tho eye of 
any albino animal, Buch as a white rabbit, in which tho coats, from the 
absence of pigment, are transparent, is dissected clean, and hold with tho 
cornea toward the window, a ver>' distinct imiige of the window com- 
plel«)y inverted is seen depicted on the jiosterior translucent wall of t)ie 
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eye. Volkmann has also shown that u similar ex{)eriment may be si 
fully performed in a living person possessed of largo prominent eyes, and 
an unusually transparent sclerotic. 

An image formed at any jwint on the retina is referred to a point out- 
side the eye, lying on u straight line dmwn from the [wint on tho retina 
outward through the centre of the pupil. Thus an image on the left sido 
of the retina is referred by tho mind to an object on the right side of tho 
eye, and fire vemit. Thus all images on the rctlmi are mentally, as it 
were, projected in front of the eye, and the objeuts are seen trect though 
the image on the retina is reversed. Much needless confusion and dilH- 
cnlty have been raised on this subject for want of remembering that when 
ve are said to gw an object, tho mind is merely conscious of the picture 
on the retina, and when it refer} it to the external object, or "projects" 
it outside the eye, it necessarily reverses it and sees tho object as erect, 
though tho retinal image is inverted. This is fnrther corroborated by 
the sense of touch. Thus an object whose picture falls on the left half 
of the retina is reached by the right hand, and hence is said to lie to the 
right. Or, Hgain, an object whose imago is formed on the upper part 
of the retina is readily touched by the feet, and is therefore said to be 
in the tower part of the field, an<i so on. 

Hence it is, also, that no discordance arises between the sensations of 
inverted vision and those of touih, which perceives everything in its oreet 
position; for the images of all objects, even of our own limbs, in the 
retina, are equally inverted, and therefore maintain tlie ^me relative 
position. 

Even tho unago of our hand, while used in tonch, is seen inverted. 
I The position in which we see objects, wo call, therefore, the erect posi- 
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tion. A mere uitenil inversion of our body in a mirror, where the right 
hand occupies the left of the image, is indeed staircely remarked: and 
there is but little discordauce between the eensatious ucqaired by loach 
in regulating our movementa by the image in the mirror, and those of 
eight, ae, for example, in tying a knot in the cravat. There iseome want 
of harmony here, on account of tlie inversion being only lateral, and not 
complete iu all directions. 

The perception of the erect position of objects appears, therefore, to 
be the result of an act of the mind. And this leads us to a consideration 
of the several other properties of the retina, and of the co-ojieration of 
the mind in the several other parts of the act of vision. To tlii^se belong 
not merely the act of sensation itself and the jierception of the changea 
produced in the retina, as light and colors, but also the conversion of the 
mere images depicted in the retina into ideas of an exteDd3d field of 
vision, of proximity and distance, of the form and size of objecta, of the 
reciprocal influence of different parts of the retina upon each other, the 
simiiltaneouB action of the two eyes, and some other phenomena. 

Field of Vision, — The actual size of the field of vision depends on 
the extent of the retina, for only so many images can be seen at any one 
time as can occupy the retina at the same time; and thus considered, tho 
retina, of which the affections are perceived by the mind, is itself ihe 
field of vision. But to the mind of the individual the size of the field of 
vision has no determinate limits; aometiraes it appears very small, at 
another time very large; for the mind has the power of projecting iinagea 
on the retina toward the exterior. Hence the mental field of vision is 
very small when the sphere of the action of tho mind is limited to imjtedi' 
menta near the eye: on the contrary, it is very extensive when the pro- 
jection of the images on the retina toward the exterior, by the influence 
of the mind, is not impeded. It is very small when we look into a 
hollow body of small capacity held before the eyes; targe when we look 
out upon the landscape through a smalf opening; move cxteasive when 
we look at tho landscape through a window; and most so when our view 
is not confined by any near object. In all the-se cases the idea which we 
receive of tJie size of the field of vision is very different, although ita 
absolute size is in all the same, heing dependent on the extent of (lie 
retina. Uence it follows, that the mind is constantly co-operating in the 
acts of vision, so that at last it becomes difficult to say what belongs to 
mere sensation, and what to the influence of the mind. By a mental 
operation of this kind we obtain a correct idea of the size of individual 
objects, as well as of the extent of the field of vision. To illustrate this, 
it will be wcJl^to refer to Fig, 382. 

The angle i, included between the decussating centnil rays of two 
cones of light issuing from different points of an object, is called the 
ojitical angle — angulua opticus sen visorius. This angle liecomes larger. 



the greater the distance between the points a and b; and since the angles 
z and V are equal, the dJBtancB between the pointe a and f> in the image on 
the retina increaBes as the angle becomea larger. Objects at diilerent 
distanci.>s from the eye, but liaviug the same optical angle j-— for e-xaniple, 
the objects c, d, and e, — must also throw images of eqnal size upon the 
retina: and, if they occupy the same angle of the field of vision, their 
image must occupy the same spot in the retina. 

Nevertheless, theae images appear to the mind to be of very unequal 
wze when the ideas of distance and prosimity come into play; for, from 
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tbe image a b, the mind forms the conception of a visual space extending 
to c d, or e, and of un object of tbe size wbicb that represented by the 
image on the retina appears to have when viewed close to the eye, or 
under the most usual circumstances. 

Estimation of Size. — Our estimate of the size of various objects is 
based partly on tbe visual angle under which they are seen, but much 
more on the estimate we form of their distance. Thus a lofty mountain 
many miles off may be seen under the same visnal angle as a email hill 
near at band, but we infer that the former ia much the larger object be- 
cause we know it ia much further off tlian the bill. Our estimate of dia- 
tance is often erroneoue, and consequently tbe estimate of aisie also. 
Thus persons seen walking on the top of a small hill against a clear twi- 
light sky apijear unusually large, becanee we over-estimate their distance, 
fuid for similar reasons most objects in a fog appear immensely magnil^ed. 
The same mental process gives rise to the idea of depth in the field of 
vision; this idea being fixed in our mind principally by the circumstance 
that, as we ourselves move forward, different images in succession become 
depicted on our retina, ao that we seem to pass between these images, 
vhich to the mind is the same thing as passing between the objects 
themselves. 

The action of the sense of vision in relation to ojctemal objects is, 
therefore, quite different from that of the sense of touch. The objects 
of the latter sense are immediately present to it; and our own body, with 
which they come into contact, is the measure of their size. The part of 
» table touched by the hand appears as large aa the part of the hand re- 
ceiving an impression from it, for a part of our body in which a sensation 
B excited, ia here the measure by which we judge of the magnitude of 
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the object. In the sense of vision, on the contrary, the images of objects 
are mere fractions of the objects themaelvos realized npon the rotina, the 
extent of which remains constautly the same. But the imagination, which 
analyzes the sensations of vision, invests the images of objects, together 
with the wliole field of vision in the retina, with very varying dimeneioiu; 
the relative size of the image in proportion to the whole field of vision, 
or of the affected parts of the retina to the whole retina, alone remaining 
unaltered. 

Estimation of Direction. — The direction in which an object is seen, 
depends on the pait of the retina which receives the image, and on the 
distance of this part from, and its relation to, the central point of the 
'retina. Thus, objects of which the images fall upon the same parte of 
the retina lie in the same visual direction; and when, by the action of the 
mind, the images or affections of the retina are projected into the erterior 
world, the relation of the images to each other remains the same. 

Estimation of Form. — The estimation of the form of bodies by 
sight is the result partly of the mere sensation, and partly of the associ- 
ation of ideas. Since the form of the images perceived by the retiua 
depends wholly on the outline of the part of the retina affected, the sen- 
sation alone is adequate to the distinction of only superficial forms of each 
other, as of a square from a circle. But the idea of a solid body as a 
sphere, or a body of three or more dimensions, e.g., a cube, can only be 
attained by the action of the mind constructing it from the different 
superficial images seen in different positions of the eye with regard to the 
object, and, as shown by Wheatstone and illustrated in the stereoaeope, 
from two different perspective projections of the body being presented 
simultaneously to the mind by the two eyes. Hence, when, in adalt age, 
sight is suddenly restored to persons blind from infancy, all objects in the 
field of vision appear at first as if painted flat on one surface; and no idea 
of solidity is formed until after long exercise of the sense of vision com- 
bined with that of touch. 

The clearness with which an object is perceived irrespective of accom- 
modation, would appear to depend largely on the number of rods and 
cones which its retinal image covers. Hence the nearer an object is to 
the eye (within moderate limits) the more clearly are all its details seen. 
Moreover, if we want carefully to examine any object, we always direct 
the eyes straight to it, so that its image shall fall on the yellow spot where 
an image of a given area will cover a larger unmber of cones than any- 
where else in the retina. It has been found that the images of two points 
must bo at least Yshm 'D- apart on the yellow spot in order to be dis- 
tinguished separately: if the images are nearer together, the points appear 
as one. The diameter of each one in this part of the retina is aboat 
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partly from the motion of iU image over the surface of the retina, and 
partly from the motion of our eyes following it. If the image upon the 
retina moves while our eyes and our body are at rest, we conclude that 
the object is changing its relative position with regard to ourselves. In 
such a ca£e the movement of the object may be apparent only, as when 
we are standing Upon a body which is in motion, such as a ship. If, on 
the other hand, the image does not move with regard to the retina, but 
remains fixed upon the same spot of that memhrane, while our eyes fol- 
low the moving body, we judge of the motion of the object by the sen- 
sation of the muscles in action to move the eye. If the image moves 
over the surface of the retina while the muscles of the eye are acting 
at the same time in a manner corresponding to this motion, as in read- 
ing, we infer that the object is etationar}', and wo know that we are 
merely altering the relations of our eyes to the object. Sometimes the 
object appears to move when both object and eye are fixed, as in vertigo. 

The mind can, by the faculty of n//Fn/io»,concentrate its activity more 
or less exclnsively upon the sense of sight, hearing, and touch alternately. 
When exclusively occupied with the action of one sense, it is scarcely con- 
scious of the sensations of the others. The mind, when deeply immersed 
in &)ntemplations of another nature, is indifferent to the actions of the 
sense of sight, as of every other sense. We often, when deep in thought, 
have our eyes open and fixed, but see nothing, because of the sttmnlos 
of ordinary light being unable to excite the brain to perception, when 
otherwise engaged. The attention which is tlius necessary for vision, is 
necessary also to analyze what the field of vision presents. The mind does 
not perceive all the objects presented by the field of vision at the same 
time with equal acuteness, hut directs itself first to one and then to an- 
other. The sensation becomes more intense, according ae the particular 
object is at the time the principal object of mental contem- 
plation. Any compound mathematii^ figure produces a 
different impression according as the attention is directed 
exclusively to one or the other part of it. Thus in Fig. 
383, we may in succession have a vivid perception of the 
whole, or of distinct parts only; of the six triangles near the f,o. hi. 
outer circle, of the hexagon in the middle, or of the three 
large triangles. The more numerous and varied the parts of which a 
figure is composed, the more scope does it afford for the pluy of the atten- 
tion. Hence it is that architectural ornaments have an enlivening effect 
on the sense of vision, since they afford constantly fresh subject for the 
action of the mind. 

Color Sensations. — If a ray of sunlight be allowed to )iass through 

A prism, it is decomposed by its passage into rays of different colors, which 

B called the colors of the spectrum; they are red, orange, yellow, green. 



HAin)-BOOK OF FHTaiOLOOT. 

blue, indigo, aiid violet. Tlie red rays are the least turned out of their 
course by the prism, and the violet the most, whilst the other colors oc- 
cupy in order places between these two extremes. The differences in the 
color of the rays, depend upon the number of vibrations producing each, 
the red rays being the least rapid and the violet the most. In addition 
to the colored rays of the spectrum, there are others which are invisible, 
but which have definite properties, those to the left of the red, and leas 
refrangible, being the calorific rays which act upon the thermometer, and 
those to the right of the violet which are called the actinic or chemical 
rays, which have a powerful chemical action. The rays which can be 
perceived by the brain as visual rays, i.e., the colored rays, must stimu- 
late the retina in some special manner in order that colored vision may 
result, and two chief explanations of the method of stimulation have been 
suggested. The one, originated by Young and elaborated by Helmholti, 
holds that there are three primary colors, viz., red, green, and violet, and 
that in the retina are contained rods or cones which answer to each of 
these primary colors, whereas the innumerable intermediate shades of color 
are produced by stimulation of the three primary color terminals in differ- 
ent degrees; the sensation of white being produced when the three elements 
are equally excited. Thus if the retina be stimulated by rays of certain 
wave length, at the red end of the spectrum, the terminals of the other 
colors, green and violet, are hardly stimulated at all, but the red terminals 
being strongly stimulated, the resulting sensation is red. The orange 
rays excite the red terminals considerably, the green rather more, and the 
violet slightly, the resulting sensation being that of orange, and so on. 

The second theory of color (Hering's) supposes that there are six 
primar}' color sensations, of three pair of antagonistic or complemental 
colors, black and white, red and green, and yellow and blue, and that these 
are produced by tlio changes either of disintegration or of assimilation 
talcing place in certain substances, somewhat it may be supposed of the 
nature of the visual purple, which (the theory supposes to) exist in the 
retina. Each of the substances corresponding to a pair of colors, being 
capable of undergoing two changes, one of construction and the other of 
disintegration, with the result of producing one or other color. For in- 
stance, in the white-black substance, when disintegratiou is in excess of 
construction or assimilation, the sensation is white, and when assimilation 
is in excess of disintegration the reverse is the case; and similarly with 
the red-green substance, and with the yellow-blue substance. When the 
repair and disintegration are equal with the first substance, the visual 
sensation is grey; but in the other pairs when this is the case, no sensa- 
tion occurs. The rays of the spectrum to the left produce changes in the 
red-gi'een substance only, with a resulting sensation of red, whilst the 
(orange) rays further to the right affect both the red-green and the yellow- 
blue substances; blue rays cause constructive changes in the yellow-blu» , 
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■obstaiice, bnt none in the red-green, and bo on. These changes produced 
in the visnal eubatances in the retina are perceived by the brain aa Benaa- 
tionB of color. 

The Bpcctra left by the images of white or luminous objects, are nrdi- 
narily white or luminous; those left by dark objects nre dark. Sometimes, 
however, the relation of tiie light and dark parts in the image may, under 
certain circumstances, be reversed in the spectrum; what was bright may 
l>e dark, and what was dark may appear light. This occurs whenever the 
eye, which is the seat of the spectrum of a luminous object, is not closed, 
bnt fixed upon another bright or white anrface, aa a while wall, or a shoot 
of white paper. Hence the spectrum of the sun, which, while light is 
eiclnded from the eye, is luminous, appears black or grey when the eye is 
directed upon a white surface. The explanation of this is, that the part 
of the retina which has received the luminous image remains for a certain 
period afterward in an exhausted or less sensitive state, while that which 
has received a dark image is in an unexhausted, and therefore much more 
excitable condition. 

The ocular sj^ctra which remain after the impression of colored objects 
upon the retina are always colored; and their color is not that of the ob- 
ject, or of the image produced directly by the object, but the opposite. 
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or complfmen/al color. The spectrum of a red object is, therefore, green; 
that of a green object, red; that of violet, yellow; that of yellow, violet, 
and so on. Tho reason of this is obviotis. The part of the retina which 
receives, say, a red image, is wearied by that particular color, but remains 
sensitive to tho other rays whirb with red make up white light; and, 
therefore, these by themselves reflected from a white object produce a 
green hue. If, on the other hand, the first object looked at bo green, 
the retina being tired of green ravs, receives a red image when the eye is 
Vol. 11.-15. 



226 HAND-BOOK OF PliySIOLOGY. 

turned to a white object. And so with the other colors; the retina while 
fatigued by yellow raya wiU suppose an object to be violet, and vice vertd: 
tlie size and shape of the spectrum corresponding with the size and shape 
of the original object looked at. The colors which thus reciprocally ei- 
«ite each other in the retina are those placed at opposite points of the 
circle in Fig. 384. The peripheral parts of the retina have no perception 
of red. The area of the retina which is capable of receiving impressicms 
of color is slightly different for each color. 

Color Blindness or Daltonism. — Daltonism or color-blindness is a 
by no means uncommon visual defect. One of the commonest forms ia 
the inability to distinguish between red and green. Tlio simplest ei- 
planation of such u condition is, that the elements of the retina which 
receive the impression of red, etc., are absent, or very imperfectly devel- 
oped, or, according to the other theory, that the red-green substance is 
absent from the retina. Other varieties of color blindness in which the 
other color-perceiving elements are absent have been shown to exist 
..Uy. 



Op the Recipbocal Action of Different Parts op the Retina 
on each other. 

Although each elementary part of the retina represents a distinct por- 
tion of the field of vision, yet the different elementary parts, or scneitivc 
points of that membrane, have a certain influence on each other; the par- 
ticular condition of one influencing that of another, so that the image 
perceived by one part is modified by the image depicted in the other. 
The phenomena which result from this relation between the different 
parts of the retina, may be arranged in two classes; the one including 
tliose where the condition existing in the greater extent of the retina is 
imparted to the remainder of that membrane; the other, consisting of 
those in which the condition of the larger portion of the retina oscites, 
in the less extensive portion, the opposite condition. 

1. When two opposite impressions occur in contiguous parts of an 
image on the retina, the one impression is, under certain circnm stances, 
modified by the other. If the impressions occupy each one-half of the 
image, this does not take place; for in that case their actions are equally 
balanced. But if one of the impressions occupies only a small part at 
the retina, and the other the greater part of its surface, the latter may, 
if long continued, extend its influence over the whole retina, so that the 
opposite less extensive imprcseioii is no longer perceived, and its place 
becomes occupied by the same sensation as the rest of the field of vision. 
Thus, if we fix the eye for some time upon a strip of colored paper lying ■ 
upon a white surface, the image of the colored object, especially when it 
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lallB on the lateral piirts of the retinii, will gnulnoUy disappear, and the 
white surface bu soen in its place. 

2. In the aecond class of phenomena, the affection of one part of the 
retina influences that of another part, not in such a manner as to obliter- 
ate it, but ao as to cause it to become the contrast or opposite of itself. 
Tlius a grey spot upon a white ground appears darker than the same tint 
of grey would do if it alone occupied the whole field of vision, and a 
shadow is always rendered deeper when the light which gives riBO to it 
becomes more intense, owing to the greater contrast. 

The former phenomena ensue gradually, and only after the images 
have been long fixed on the retina; the latter are instantaneous in their 
production, and are permanent. 

In the same way, also, colors may be produced by contrast. Thus, a 
Tery email dull grey sirip of paper, lying upoD an extensive surface of any 




bright color, does not appear grey, but has a faint tint of the color which 
the complement of that of the sumjiinding surface. A strip of grey 
paper npon a green field, for example, often appears to have a tint of red, 
•nd when lying upon a red surface, a greenish tint: it has an orange- 
colored tint upon a bright blue eurfoce, and a blitish tint upon an orange- 
colored surface; a yellowish color upon a bright violet, and a violet tint 
npon a bright yellow surface. The color excited thus, as a contrast to the ex- 
dting color, being wholly independent of any rsTO of the corresponding 
color acting from without upon the retina, most arise as an oppo8it« or 
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antugonietic condition of that membrane; and the opposite conditions d 
which the retina thus becomes the subject would seem to balance « 
other by their reciprocal ren«tiou. A neccBsary condition for the j 
ductiou of the contraated colors is, that the part of the retina i 
the new color is to be excited, shall be in a state of comparative rep< 
ticiice the small object itself must be grey. A second condition is, t 
the color of the surrounding surface shall bo very bright, that is, it t 
contain much white light. 

Movements of the Eye. — The eyeball possesses movement around 
three axes indicated in Fig. 385, viz., an antero-posterior, a vertical, and 
a transverse, passing through a centre of rotation a little bebind the 
centre of tlie optic asis. The morement« are accomplished by paira of 
muscles. 

Moivmmta, Bj/ what tinistctes accornpligked. ^M 

Inward Internal rectus. ^M 

Outward External rectus. ^M 

TT„„ J I Superior rectus. .^H 

^P""^ ..... I J,ri„, obliqm. ■ 

D-"'"^ Ut'jIJrSrie. ■ 

I„w.ri„d upward . . . {"Eofo'blt'r'""'*'- I 

Inward and downwMd. . . j I,nl™»l «nd in'mor rectn.. f 

) Snpenor oblique. " 

OntwaM and upward. . . j ^ jSr^.S^quT™' "°'°' 
Outward and downward . . j f*'™' ^'J^'"" — 



Of the SiMCLTASEors Action op the Two Eyes. 

Although the sense of sight is exercised by two organs, yet the im- 
pression of an object conveyed to the mind is single. Various theories 
have been advanced to account for this phenomenon. By Gall it was 
supposed that we do not really employ both eyes simultaneously in vision, 
but always see with only one at a time. This especial employment of 
one eye in vision certainly occurs in persons whose eyes are of very un- 
equal focal distance, bnt in the majority of individuals both eyes are simul- 
taneously in action, in the perception of the same object; this is shomi 
by the double images seen under certain conditions. If two fingers bo held 
up before the eyes, one in front of the other, and vision be directed to 
the more distant, so that it is seen singly, the nearer will appear double; 
while, if the nearer one be regardsd, the most distant will be seen double; 
and one of the double images in each case will be found to belong to one 
eye, the other to the other eye. 
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Diplopia.— Single vUion results only when certain piirts of the two 
rotin% are affected eimiiltaneously; if different parts of the retinre receive 
the image of the object, it is seen double. This may be readily illus- 
trated as follows; — The eyes are fixed upon some near object, and one of 
them is pressed by the thumb so as to be turned slightly in or out; two 
images of the object {Diplopia or Double Vision) are at once perceived, 
just as is frequently the case in persons who squint. This diplopia is due 
to the fact that the images of the object do not fall on corresponding 
points in the two retinte. 

The parts of the retime inthe two eyes which thus correspond to each 
other in the property of referring the images which affect them simulta- 
neously to the same spot in the field of vision, are, in man, just those 
parts which would correspond to each other, if one retina wore placed 
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exactly in front of, and over the other (as in Fig. 380, c). Thus the outer 
lateral portion of one eye corresponds to, or, to use a belter term, is iden- 
tical with, the inner portion of the other eye; orwof the eye a (Fig. SSG), 
with a' of the eye B, The upper jiart of one retina is also identical with 
the upper part uf the other; and the lower parts of the two eyes are iden- 
tical with each other. 

This is proved by a simple experiment. Pressure upon any part of 
the ball of the eye, so as to affect the retina, produces a luminous circle, 
seen at the opposite side of the field of vigion to that on which the pressure 
is made. If, now, in a dark room, we press with the finger at the upper 
part of one eye, and at the lower part of the other, two luminous circles 
aie seen, one above the other: so. also, two figures are seen when pre^ 
sure is made simultaneously on the two outer or the two inner sides 
of both eyes. It is certain, therefore, that neither the npjter part of one 
retina and the lower part of the other are identical, nor the outer lateral 
parts of the two retttiffi, ngr their inner lateral portions. But if pressare 
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be made with the fingers upon both eyes simuItaneouBly at their lower 
part, one tuminoES ring ia seen at the middle of the upper part of thffi 
field of vision; if the pressure be applied to the upper part of both 
eyes a single luminous circle is seen in the middle of the field of risios- 
below. So, also, if we press upon the outer side a of tho eye A, and upon 
the inner side «' of the eye B, a single spectrum is produced, and is appar- 
ent at the extreme right of the field of vision; if upon the point i of one 
eve, and the point b' of the other, a single spectrum is seen to the extreme 
left. 

The spheres of the two retinse may, therefore, be regarded as lyiug 

one over the other, as in c, Pig. 386; so that the left portion of one eye 

lies over the identical left portion of the other eye, the right portion of 

■ one eye over the identical right portion of the other eye; and with the upper 
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and lower portions of the two eyes, a lies over a', h over b', and c 
The points of the one retina intermediate between a and c are again identi- 
cal with the corresponding points of the other retina between a' and e*; 
those between 6 and c of the one retina, with those between b' and e' of 
the other. If the axes of the eyes, a and b (Fig, 388), be so directed 
tliat they meet at a, an object at a will be seen singly, for the point a of 
the one retina, and a' of the other, are identical. So, also, if the object 
/? be BO situated that its image falls in both eyes at the same distance 
from the central point of the retina, — namely, at b in the one eye, and 
at b' in the other, — /9 will be seen single, for it affects identical parts of 
the two retinte. The same will apply to the object y. 

In quadrnpeds, the relation between the identical and non-identicd'v 



parts of the retina cannot 
eyes generaUy diverge, and ( 
an object. When an animal 



the same as in man; for the axes of thei 

an never be made to meet in one point ofl 

legards an object situated directly in front «" 
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it. the imnge of the object must fall, in both eyee, on the outer portion 
of the retinee. Thus, the image of the object a (Ftg. 389) will fall at a' 
in one, and at a" in the other: and these points n' and a must be ideu- 
tical. So, also, for distinct and single vision of objecta, 
b or c, the points i'and b" or c' c", m the two retinie, on ,' 
which the images of these objects fall, must be identi- < i 

cal. All points of the retina in each eye which receive \ _ i 

rays of light from lateral objects only, can have no \^ i' «" / 
oorresponding identical points in the retina of the other ^ ^f""l v'^ 
eye: (or otherwise two objects, one situated to the right ar ^ 

tatd the other to the left, would appear to lie in the some j^o. wa. 

spot of the field of vision. It is probable, therefore, that 
tiiere are in the eyes of animals, parts of the retina which are identical, 
and parts which are not identical, i.e., parts in one which have no cor- 
responding parts in the other eye. And the relation of the two retime 
to each other in the field of vision may be represented as in Fig. 389. 

Binocular Vision. — The cause of the impressions on the identical 
points of the two retiuEe giving rise to but one sensation, and the percep- 
tion of a single image, must either lie in the structural organization of the 
deeper or cerebral portion of the visual apparatus, or be the result of a 
mental operation; for in no other case is it the property of tlie corre- 
sponding nerves of the two sides of the body to refer their sensations as 
one to one s]>ot. 

Many attempts have been made to explain this remarkable relation 
between the eyes, by referring it to anatomical relation between the optic 
nerves. The cireumstanco of the inner portion of the fibres of the two 
optic nerves decussating at the oommissuro and passing to the eye of the 
opposite side, while the outer portion of the fibres continue their course 
to the eye of the same side, so that the left side of both retime is formed 
from one root of the nerves, and the right aide of both retinre from the 
outer root, naturally led to an attempt to explain the phonomenou by 
this distribution of the fibres of the nerves. And this explanation is 
favored by coses in which the entire of one side of the retina, as far as 
the central point in both eyes, sometimes becomes insensible. But 
UfiUer shows the inad equate ness of this theory to explain the phenome- 
non, unless it be supposed that each fibre in each cerebral portion of the 
optic nerves divides in the optic commissure into two branches for the 
tdentical points of the two retime, as is shown in A, Fig. 390, But there 
is no foundation for such snpjtosition. 

By another theory it is assumed that each optic nerve contains exactly 
the same nnmber of fibres na the other, and that the corresponding fibres 
of the two nerves are united in the Sensorium (as in Fig. 390, B). But 
in this theory no account is taken of the partial decussation of tlie fibres 
of the nerves in the optic commissure. 

According to a third theory, the fibres a and a'. Fig. 390, C, coming 
from identical points of the two retin», are in the optic commissure 



382 



HAiro-BOOK OF PnTSIOLOOT. 



broDj^ht into one optic nerve, and in the brain either are united by a loop 
or spring from the same point. The same diflposition prevails in the case 
of the identical fibres b and S'. According to tiiis theory the left half 
of each retina would be represented in the left hemisphere of the brain, 
and the right half of each retina in the right hemisphere. 

Another explanation le founded on the fact, that at tlie anterior part 
of the commissure of the optic nerve, certain fibres pass across from the 




distal portion of one nerve to the corresponding portion of the other 
nerves, as if they were commissural fibres forming a connection between 
the retinse of the two eyes. It is supposed, indeed, that these fibres may 
connect the corresponding parts of the two retinae, and may thus expliuu 
their unity of action; in the same way that corresponding parts of tba 
cerebral hemispheres are believed to be connected together by the com- 
missural fibres of the corpus callosum, and so enabled to exercise unity of 
function. 

Judgment of Solidity. — On the whole, it is probable, that the jiowm 
of forming a single idea of an object from a double impression conveyed by 
it to the eyes is the result of a mental act. This view is supported by tha 
same facts as those employed by Wheatstone to show that this power ia 
asbservient to the purpose of obtaiuing a right perception of bodies raised 
in relief. When au object is placed so near the eyes that to view it the optifi 
axes must converge, a different perspective projection of it is seen by each 
eye, these perspectives being more dissimilar as the convergence of the optio 
axes becomes greater. Thus, if any figure of three dimensions, an out- 
line cube, for example, be held at a moderate distance before the eyea, 
and viewed with each eye successively while the head is kept perfectly 
steady, a (Fig. 391) will be the picture presented to the right eye, and 
B that seen by the left eye. Wheatstone has shown that on this circum- . 
stance depends in a great measure our conviction of the solidity oi an 
object, or of its projection in relief. If different perspective drawiogH- 
of a solid body, one representing the image seen by the right eye, tho' 
other that seen by the left (for example, the drawing of a cube, 
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Fig. 391), be presented to corresponding parts of the two retinae, as may 
be readily done by means of the stereoscope, the mind will perceive not 
merely a single representation of the object, but a body projecting in 
relief, the exact counterpart of that from which the drawings were made. 





Fxo. 891. 



By transposing two stereoscopic pictures a reverse effect is produced: 
the elevated parts appear to be depressed, and t^ice versd. An instru- 
ment contrived with this purpose is termed a pseudoscope. Viewed with 
this instrument a bust appears as a hollow mask, and as may readUy be 
imagined the effect is most bewildering. 




CHAPTER XX. 

GENERATION AND DEVELOPMENT. 



The several organs and functions of the human body which have been 
considered in the previons chapters, have relation to the individual be- 
ing. We have now to consider those organs and functions which are des- 
tined for the propagation of the species. These comprise the several pro- 
visions made for the formation, impregnation, and development of tha 
ovum, from which the emhryo or ftetns is produced and gradually pe^ 
fected into a fuUy-forraed human being. 

The organs in the two sexes concerned In effecting these objects an 
named the Crenerative organs, or Sesual apparatus. 

Generative Orqans of the Feuals. 

The female organs of generation (Fig. 392) consist of two Ovariei, 
whose function is the formation of ova; of a. Falfopian tube, or ovidoo^ 
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connected with each ovary, for the purpose of conducting the ovnm from 
the ovary to the Uterus, or cavity in which, if impregnated, it is retained 
until the embryo is fully developed, and fitted to maintain its existence in- 
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dependentlj of interual conuectifln witli the parent; iind, lastly, of a caiiul, 
or Vagina, wiDi its appendages, for tlie rece])tioii of tbe male generative 
organs in the act of copulation, and for the suha«quent diacliarge of tho 



Ovaries. — The ovaries are two oval compressed bodies, situated in 
the cavitj of the pelvis, one on each side, enclosed in the folds of the 
broad ligament. Each ovary measures about an inch and a holt in length, 
three-quarters of an inch in width, and nearly half an inch in tUicknesa, 
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•nd 18 attached to the ut«mB by a narrow fibrous cord (the ligament of 
the ovaiy), and, more slightly, to the Fallopian tubes by one of the fim- 
briie into which the walls of the extremity of the tube expand. 

Structure. — The ovary is developed by a Mpstile of dense fibro-celln- 
lar tissue, covered on the outside by epithelium (germ-epithelium), tlie 
oells of which, although continuous with, and originally derived from, 
the squamous epithelium of the peritoneum, are short columnar. 

The t«rm fferm-epH helium is used on acconnt of the relation which it 
bears in early life to the development of the ova; the ova being formed 
by certain of these epithelial cells, which, becoming modified in structure, 
are gradually enclosed in tho ovarian stroma. ( Waldeyer. ) (See Fig. 3ii-t.) 

The internal structure of (he organ consists of a peculiar soft fibrous 
tissue, or stroma, abundantly supplied with blood-vesseU, and having 
embedded in it, in various stages of development, numerous minute fol- 
licles or vesicles, the Graafian vehicles, or socculi, coDtainiug the ova 
(Fig. 394). 
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Graafian Vesicles. — If the human ovary be examined at any period I 
between early inrancy and advanced age, but especially during that period J 
of life in which the power of conception exists, it will be found to c-on- 
tain a number of smuU vesicles or membranous sacs of various sizes; Ihev I 
have been already alluded to as tiie follicles or vesicles of De Qraaf, the I 
anatomist who first accurately described them; thej are sometimes called fl 

At their first formation, the Graafian vesicles are near the surfaoe of 
the stroma of the ovary, but subsequently become more deeply placed; 
and, again, as they increase in size, make their way toward the snrface 
(Fig. 394). 

^VTien mature, they form little prominences on the exterior of the ovarr, 
covered only by a thin layer of eondeused fibrous tisane and epithelium. 




cells; F, (oUide rrum w 



kl epithelium : B. immalure OrBaDui fnlUdc: 



Each follicle has an external membranous envelope, comprised of fine 
fibrous tissue, and connected with the surrounding stroma of the ovary by 
networks of blood-vessels. This envelope or tunic is lined with a layer of 
nucleated cells, fonnyig a kind of epithelium or internal tunic, and 
named mevibrana granulom. The cavity of the follicle is filled with an. 
albuminous fluid in which microscopic granules float; and it contains alw 
the ovum. 

Ovum. — The ovum is a minute spherical body situated, in immature 
follicles, near the centre; but in those nearer maturity, in contact with 
the membrana granulosa at that part of the follicle which fonnfl a promi- 
nence on the surface of the ovary. The cells of the inombrana-gnuialoM 
are at that point more numerous than elsewhere, and are heaped aroam] tbe 
OTum, forming a kind of granular zone, the discus proligerus (Fig. 395). 
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In order to examine iin ovum, one of the Gruafinii vesiclea, it matters 
not whether it be of Btnall e'tte or arrived at maturity, should be pricked, 
and the contained fluid received upon u slide. The ovum then, being 
found in the midst of the fluid bv nieaus of a simple lens, may be further 
examined with higher microecopie powers. Owing to its globnJar form, 
however, its structure cannot be seen until it is subjected to gentle preesiiro. 

The human ovum measures abont y^ of an inch. Its external invest- 
meat is a transparent membmne, about j-gVr of in incli in thicknesB, which 
nnder the microscope appears as a bright ring (4, Fig, 
395), bounded externally and internally by a dark out- ■ 
line; it is called the zona pellucida, or viMUne mem- 
brane. It adheres externally to the heap of cells con- 
stitnting the dUcus proligervi. Within this transpar- 
ent investment or zona pellncida, and usually in close 
contact with it, lies the yolk or vitellns which is 
oomposeil of granules and globnles of various sizes, 
imhedde<l in a more or less fluid substance. The i_ kftioiui vmteie: 
smaller granules, which are the more nnmerous. re- J,*'fliii,'^^^JI^ 
eemble in their appearance, as well as tlieir constant SJuiT^rBBrST"'™ "' 
motion, pigment-granules. The larger granules or 
globnles, which have the aspect of fat-globules, are in greatest number 
at the periphery of the jolk. The number of the granules is, according 
to Bischotf, greatest in the ova of carnivorous animals. In the human 
ovum tlieir quantity is comparatively small. 

In the substance of the yolk is imbeddetl iho germituil vfgicle, or vesi- 
cuU germinativa (2, Fig. 395). This vesicle is of greatest rehitive size in 
the smallest ova, and is in them surrounded closely by the yolk, nearly 
in the centre of which it lies. During the development of the ovum, the 
germinal vesicle increases in size much less rapidly than the yolk, and 
comes to be placed near to its surface. It is about ^i^ of an inch in 
diameter. It consists of a flne, transparent, structureless membrane, 
containing a clear, watery fluid, in which are sometimes a few granules; 
and at that part of the periphery of the germinal vesicle which is 
nearest to the periphery of the volk is situated the germinal fpot (macula 
yerminatira), a finely granulated substance, of a yellowish color, strongly 
refracting the rays of light, and measuring about j^Vir ^^ "^ vav^i in 
diameter. 

Such are the parts of which the Graafian follicle and its contents, in- 
cluding the ovum, are com(Ki8e<l. With regard to the mode and order of 
development of these parts there is considerable uncertainty; but it 
seems most likely that the ovum is formed before the Graafian vesicle or 
ovisac. 

With regard to the parts of the omtm first formed, it appears certain 
that the formation of the germinal vesicle precedes that of the yolk and 



HANI>-BOOK OF FHTSIOLOQT. 



[inal Bpot ig ^M 
lunA it. ram. ^ 



zona pellucida, or vitelline membrane. Whether the germinal 
formed first, and the germinal vesicle afterward developed around it, 
not be decided in the case of vertebrate animals; but the observations 
of KoUiker and Bagge on the development of the ova of intestinal worms 
show that in these animals, the first step in the process is the production 
of round bodies resembling the germinal spots of ova, the germinal 
vesicles being suhsequentiy developed around these in the form of trans- 
parent membranouB cells, 

From the earliest infancy, and through the whole fruitful jjeriod of 
life, there appears to be a constant formation, development, and matura- 
tion of Graafian vesicles, with their contained ova. Until the period of 
puberty, however, the process is comparatively inactive: for, previous to 
this period, the ovaries are small and pale, the Graafian vesicles in them 
are very minute, and probably never attain full development, but sooa 
shrivel and disappear, instead of bursting, as matured follicles do; the 
contained ova are also incapable of being impregnated. But, coincident 
with the other changes which occur in the body at the time of pnberty, 
the ovaries enlarge, and become very vascular, the formation of Graafian 
vesicles is more abundant, the size and degree of development attained by 
them are greater, and the ova are capable of being fecundated. 

Fallopian Tubes. — The Fallopian tubes are about four inches in 
length, and extend between the ovaries and the upper angles of the 
uterus. At the point of attachment to the uterus, the Fallopian tnhe is 
verj' narrow; but in its course to the ovary it increases to about a line 
and a half in thickness; at its distal extremity, which is free and floating, 
it bears a number of fimhriw, oiie of which, longer than the rest, is 
attached to the ovary. The canal by which each Fallopian tube is 
traversed is narrow, especially at its point of entrance into the nteros, at 
which it will scarcely admit a bristle, its other extremity is wider, and 
opens into the cavity of the abdomen, surrounded by the zone of fimbria. 
Estemally, the Fallopian tube is invested with peritoneum; internally, 
it* canal is lined with mucous membrane, covered with ciliated epithe- 
lium: between the peritoneal and mucous coats, the walls are compoaedi 
like those of the uterus, of fibrous tissue and plain muscular fibres. 

Uterus. — The Uterus («, c. Fig. 392) ia somewhat pyriform, and in 
the unimpregnated state is about three inches in length, two in breadtlt 
at its upper part or fundus, but at its lower pointed part or tuck, only 
about half an inch. The part between the fundus and neck is termed 
the bodi/ of the utems: it is about an inch in thickness. 

Structure. — The uterus is constmcted of three principal layers, or 
coats, — serous, jibrous and muscular, and mucous. (1.) The seroua 
coat, which has the same general structure as the peritoneum, covers tha 
organ before and behind, but is absent from the front surface of the neck. 
(2.) The middle coat is composed of dense connective tissue, with whiohl 
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ue intermingled fibres of imstripod muscie. The latter become enor- 
moasly developed during pregnaucy. (3.) The mucous membrane of the 
uterus will be described more in detail presently (p. 'ii'i. Vol. II.). It is 
lined by columnar ciliated epithelium, which eiteudfi also into the inierior 
of the tubular glands, of which the mucone membrane is largely made 
up. (Allen Thomson, Nylander, Fried I tinder, John Williams.) 

The cavity of the utorua corresponds in form to that of the organ 
itself: it is very small in the unimpregnated state; the sides of itsmuuous 
surface being almost in contact, and probably only separated from each 
other by mucus. Into its upper part, at each side, opens the canal of 
the corresponding Fallopian tubet below, it communicates with the 
Togina by a fiseure-like opening in its neck, the on iiferi, the margins 
of which are distinguished into two lips, an anterior and posterior. In 
the mucous membrane of the cervix are fonnd several mucous follicles, 
termed ovnla or glandohe Nabothi: they probably form the jelly-like sub- 
stance by which the os uteri is usually found closed. 

The vagina is a membranous canal, five or six inches long, extending 
obliquely downward and forward from the neck of the uterus, which it 
embrace, to the external organs of generation. It is lined with mucous 
membrane, which in the ordinary contracted state of the canal is thrown 
into transverse folds. External to the mucous membrane the walls of 
the vagina are constmcted of fibrons tissue, within which, especially 
around the lower part of the tube, is a layer of erectile tissue. The 
lower extremity of the vagina is embraced by an orbicular muscle, the 
conairictor vagina; its external orifice, in the virgin, is partially closed 
by a fold or ring of mucous membrane, termed the hi/men. The external 
organa of generation consist of the clitoris, a small elongated body, situ- 
ated above and in the mdidle line, and constructe<l, like the male penis, 
of two erectile corpora cavernosa, but unlike it, without a corpus spongi- 
osum, and not perforated by the urethra; of two folds of mucous mem- 
brane, termed labia interna, or nymphw; and, in front of these, of two 
other folds, the labia externa, or pudenda, formed of the external integu- 
ment, and lined internally by mucous membrane. Between the nymphce 
and beneath the clitoris is an angular space, termed the vestibule, at the 
oentre of whose base is the orifice of the meatux urtnartus. Numerous 
mncouH follicles are scattered, beneath the mucous membrane composing 
these parts of the external organs of generation; and at the side of the 
lower part of the vagina, are two larger lobulated glands, named vnlrn- 
vaginal, or Duvemey's glands, which are analogous to Cowpcr'a glands in 
the male. 

Discharge of the Ovum. — In the process of development of indi- 
Tidval Graafian vesicles, it has been already observed, that as each in- 
creases in e\ze, it gradually approaches the surface of the ovary, and when 
folly ripe or mature, forms a little projection on the exterior. Coincident 
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with tlie increase of size, caused by the augmentation of its liqnid con- 
tents, the exterrtal envelope of therfistendeil vesicle becomes very thin and 
eventually burets. By this means, the ovum sad Said contents of the 
Graafian vesicle lire libeitited, and escape on the exterior of the ovan-, 
whence they paas into the Fallopian tube, the fimbriated processes of the 
extremity of which are supposed coincid en tally to grasp the ovary, while 
the aperture of the tube is applied to the part corresponding to the 
matured and bursting vesicle. 

In animals whose capability of being impregnated occurs at regular 
periods, as in the human subject, and most Mammalia, the Graafian 
vesicles and their contained ova appear to arrive at maturity, and the 
latter to be discharged at such periods oulj. Bnt in other animals, e.i/., 
the common fowl, the formation, maturation, and discharge of ova ap- 
pear to take place almost constantly. 

It has long been known, that in the so-called oviparous animslB, 
the separation of ova from the ovary may take place independently of im- 
pregnation by the male, or even of sesual union. And it is now estab- 
lished that a like maturation and discharge of ova, independently of 
coition, occurs in Mammalia, the periods at which the matured ova are 
separated from the ovaries and received into the Fallopian tubes being 
indicated iu the lower Mammalia by the phenomena of heat or rut: in the 
human female, although not always with exact coincidence, by the phe^ 
nomena ot menstruation. If the union of the sexes take place, the ovum 
may be fecundated, and if no union occur it perishes. 

That this maturation and discharge occur periodically, and only during 
the phenomena of heat in the lower Mammalia, is made probable by the 
facts that, in all instances iu which Graafian vesicles have been found 
presenting the appearance of recent rupture, the animals were at the time, 
or had recently been, in heat; that on the other hand, there is no authentic 
and detailed account of Graafian vesicles being found ruptured in the 
intervals of the period of heat; and that female animals do not adroit the 
males, and never become impregnated, except at those periods. 

Menstruation. — Many circumstances make it certain that the human 
female is subject, in these respects, to the same law as the females of 
other mammiferous animals; namely, that in her as in them, ova are 
matured and discharged from the ovary independent of sexual union. 
This maturation and discharge occur, moreover, periodicidly at or about 
the epochs of menstruation. Thus Graafian vesiclea recently rupturerl 
have been frequently seen in ovaries of virgins or women who could not 
have been recently impregnated; and although it is true that the ova dis- 
charged under these circumstances have rarely been discovered in the 
Fallopian tube, partly on account of their minute size, and partly becauae 
the search has seldom been prosecuted with much care, yet analogy t 
bids us to doubt that iu the human female, as in the domestic quadmpc 
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the result and purpose of tiie rupture of the fotliclee ia the discbarge of 
the ova. 

The evidence of the periodical discharge of ovn ia that in most cases 
in which signs of menstniation have boen found ia the iitenis. follicles 
in a state of maturity or of rupture have been seen in the ovary; and that 
althoagh conception is not confined to the periods of mfnetruation, yet 
it is more likely to occur about a menstrua! epoch thun at other time*. 

The exact relation between the ilischarge of ova and menstruation ia 
not very clear. It was generally believed that the monthly Uux wa^ the 
Teealt of a congestion of the utenis arising from the enlargement and 
rupture of a Graafian follicle; hut though a Graafian follicle is. as a rule, 
ruptured at each menstrual epoch, yet eeTeral instances are recorded in 
which menstruation has occurred where no Graafian follicle has been rup- 
tured, and on the other hand cases aro known where ova have been dis- 
charged in ameuorrhoeic women. It must therefore he admitted that 
menstruation is not dependent on the maturation and discharge of ova. 

It was, moreover, generally understood that ova were discharged 
toward the close or soon after^the cessation of a menstrual flow. OI>ger- 
vations made after death, and facts obtained by clinical investigation, how- 
ever, do not support this view. (Reichert, J. Williams, LdH'enltml.) 
Rupture of a Graafian follicle does not happen on the same day of the 
monthly period in all women. It may occur toward the close or soon after 
the cessation of a flow; but only in a small minority of the subjects ex- 
amined after death was thia the case. On the other hand, in almost all 
BUch Hubjecta of which there is record, rupture of the follicle api>ears to 
have taken place before the commencement of the catamenial How. 
Moreover, the custom of the Jews — a prolific race, to whom by the Levit- 
ieal law sexual intercourse during the week following menatrnation was 
forbidden — militates strongly in favorof the view that conception usuully 
occurs before and not soon after a menstrual epoch, and necessarily, 
therefore, for the view that ova are uaually discharged before the cata- 
menial flow. This, together with\he anatomical condition of the ntems 
just before the eatomenia, seem to indicate that the ovum fertilized is 
that which is discharged in connection with the firat absent, and not that 
with the last present menstruation. (Rundrat.) 

Though menstniation does not appear to depend upon the discharge 
of ovH. yet the presence of the ovaries seems necessary for the [wrform- 
ance of the function; for women do not menatniate when bolh ovaries 
have been removed by operation. Some instances have been recently 
recorded, indeed, of a sanguineous discharge, occurring periodically from 
the vagina after both ovaries have been previously removed for disease; 
and it has been inferred from this that menstruation is a function inde- 
pendent of the ovary: but this evidence is not conclusive, ituismuch ae it 
is possible that portions of ovarian tissue were left after the operation. 
Vol. n.-16. 
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Characters of Menstrual Discharge.— The menstrual discharge it 

a thin eanguineous flukl, Imving u peculiar odor. It is of a dark color, 
and coDBiBts of blood, epithelium, and mucus from the uterus and vagina, 
serum, and the debris of a membrane called the decidua mertftmalit. 
This membrane is the doveloi)ed mucous surface of the body of tlie 
uterus. It does not extend into the Fallopian tube or into the cavity of 
the cervix. It attains its highest state of development in the unimprpg- 
nated organ just before the commencement of a catamenio! flow (Fig. 396). 
If impregnation take place, it becomes the decidua vera; if impregnation 
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fail, the membrane undergoes rapid disintegration; its vessels are 1 
open and hiemorrhage follows (John Williams). The blood poured o 
does not coagtilste in consequence partly of the admixture already m«B4 
tioned, or. very possibly, coagulation ocsurs, but the process is more a 
less spoiloii, :ir. 1 what clot is formed is broken down again, so as to in 
tate liquid blood, (See also p. 73, Vol. I.) 

Menstruation, therefore, is not the result of congestion, or of a s] 
of erection, but of a destructive process by which the decidua or nidit^ 
prepared for an impregnated ovum is carried away. It is not a sign of tl 
capability of being impregnated as much as of disappointed impregnntiol 
e of )V menstrual discharge is one of the most promind 
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indications of the commeDccment of puberty in the female sex; though 
its abaenoe even for several years is not necessarily attended with arrest of 
the other characters of this period of life, or with inaptness for sexual 
union, or incapability of imprttguation. The average time of its firsi ap- 
pearance in females of this country and others of al)outthe sanii; latitude, 
is from fourteen to fifteen; hut it is much intlueiiced by the kind of life 
to which girls are subjected, being accelerated by habits of luxury and 
indolence, and retarded by contrary conditions. On the whole, its ap- 
pearance is earlier in persons dwelling in warm climes than in those in- 
habiting colder latitudes; though the extensive investigations of Robertson 
show that the influence of temperature on the development of puberty 
haa been exaggerated. Much of the influence attributed to climate 
appears due to the custom prevalent in many hot countries, as in Ilin- 
dostan, of giving girls in marriage at a very early age, and inducing sex- 
ual excitement previous to the proper menstrual time. The menstrual 
functions continue through the whole fruitful period of a woman's life, 
and usually cease between tlie forty-fifth and fiftieth years. 

The several menstrual periods usually occur at intervals of a lunar 
month, the duration of each being from three to six days. In some 
vomen the intervals are as short as three wet-ks or even less; while in 
others they are longer than a month. The periodical return is usually 
attended by pain in the loins, a sense of fatigue in the lower limbs, and 
other symptoms, which are different in different individuals. Men- 
struation does not usually occur in pregnant women, or in those who are 
suckling; but instances of its occurrence in both these conditions are by 
no means rare. 

Corpus LcTBrH. 

Immediately before, as well as subsequent to, the mptnreof a Graafian 
veaicle, and the cscaiic of its ovum, certain changes ensue in the interior 
of the vesicle, which result iji the production of a yellowish mass, termed 
a Corpus luttum. 

When fully formed the corpus luteum of mammiferous animals is a 
roundish solid body, of a yellowish or orange color, and composed of a 
nttmber of lobules, which surround, sometimes a small cavity, but more 
frequently a small stelliform mass of white substance, from which delicate 
processes pass as septa between the several lobules. Very oft«n, in the 
cow and sheep, there ia no white substance in the centre of the corpus 
Intenm; and the lobules projecting from the opposite walls of the Graafian 
I Tesicle ap[>car in a section to be separated by the thinnest possible lamina 
of st-mi- transparent tissue. 

When a Graafian vesicle Is about to burst and expel the ovnm, it be- 
oomee highly vascular and opaque; and, immediately before the rupture 
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takes place, iU valls appear thickened on the interior bj • raddkh ^li- 
nous or Beebv- looking rabetsnce. ImroedistelT after the rupture, the 
inner layer of the wall of the vesicle appears pnlpf sod floocalmL It k 
thrown into wrinkles bj the contraction of the oater lajer, and, •oon, 
red fleehv mammniuj procesea grow from it, and gndnaUj enla^ tiQ 
theT nearly fill the veeiele. and even protrude from the orifice in the ex- 
ternal covering of the orarr. Snbeequentlj this orifice cknea, b«t the 
fleshy growth within still iDcreaeee daring the earlier period td pn^nancy, 
the color of the Eubnance gradnally changing from red to jdlow, and iti 
consistence becoming firmer. 

The corpus Inteum of the human female (Fig. 399) diffen from that 
of the doTU«stic qaadmped in being of a firmer texture, and having more 
frequently a persistent cavity at its centre, and in the tteOiform clcatrii, 
which remains in the caees where the caritj is t»bliteisted, being propor- 
tionatdj of mach larger bulk. The qoantitT of yellow eubstsDce fomted 







is also mach kfls: and, attboogli the deposit incnaMS after the vesicle has 
bnnt, yet it does not oeoally form mammillaij growtbe projecting into 
the cavity of the reeicle, and never protradee from the oiifioe, as is the 
case in other Mammalia. It —mtanM the datacter of a obilorm, or 
Dearty uniform, layer, which is thrown into wrinklee, in caDee«)Denoe of 
Ibeeontiactionof iheextemaltmucitf Aennide. After the orifice of the 
Tesicle has closed, the growth of theyeOov mtetance omtinoes doting th« 
fint half of pregnancy, till the canity is ndnced to a ctHnparatiTely small 
site, or i$ obliterated: in the lattor can, www J y » white stelliform cicatrix 
remains in the centre of the eoipaB lateam. 

An effusion of Uood gmecalty takm place into the cavity of the 
QraaSan veucte at the tiaw of ib r«ptai% especially in the haman Eub- 
ject. bat it has no share in fonusg the jdlo« body-, it gradually loses 
its ccikwiitg nattw, and aeqauras the ehaneter of a mas^ of fibrin. The 
•onin of the blood snmntiiafn nmaiat inchided within a cavity in the 
watta of tha ooigvhua. aitd Um the daeolorixed fibrin forms a mem- 
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braniform sac, lining the corpus lutenm. At other timoa tho semm is re- 
moved, and the fibrin cooatltutes a solid stellifonn muss. 

Th9 yellow subBtance of which the corpus lutenm eonaietB, both io 
the human subject and in the domestic animuU, is a growth from the 
inner surface of tho Graafian vesicle, the result of an increased develop- 
ment of the cells forming the membrana granulosa, which naturally lines 
the internal tunic of the vesicle. 

The first changes of tho internal coat of the Graafian vesicle in the 
process of formation of a corpus lutenm, seem to occur in every caae in 
which an ovum escapes; as well in the human subject us in Ihe domestic 
quadrupeds. If the ovum is impregnated, the growth of the yellow sub- 
stance continues during nearly the wholo period of gestation, and forms 
the large corpus lutoum commonly described as a characteristic mark of 
impregnation. If the ovum is not impregnated, the growth of yellow 
substance on the internal surface of tho vesicle proceeds, in the human 
ovary, no further than the formation of a thin layer, which shortly disap- 
pears; but in the domestic animals it continues for some time after the 
ovum has perished, and forms a corpus lut«um of considerable size. The 
fact that a structure, in its essential characters similar to, though smaller 
than, a corpus luteum observed during pregnancy, is formed in the 
human subject, independent of impregnation or of sexual union, coui>led 
with the varieties in size of corpora lutea formed during pregnancy, neces- 
sarily renders unsafe all evidence of previous impregnation foundeil on 
the existence of & corpus luteum in the ovary. 

The following table by Daltoii. expresses well the differences between 
the corpus luteum of the pregnant and unimpregnated condition re- 
apectively. 



At the fmi of 

three meekif. 
One month . , 



7W months 
Bix months . 
Nin« month If 



Three-quarters of an inch in diameter ; central clot red- 
dish : convoluted wall pale. 



Smaller ; convoluted 
wall bright yellow ; 
clot stiirreddish. 

Reduced to the con- 
dition of an insig- 
nificant cicatrix. 

.\b8cnt. 



Larger ; convoluted wall bright 
yellow ; clot still reddish. 

Seven-eighths of an inch iudiame- 
ter; convoluted wall bright yel- 
low ; clot perfectly decolorized. 

Still as large as at end of second 
month ; clot fibrinous ; convo- 
luted wall paler. 

One-half an inch in diameter ; 
central clot converted into a 
radiatingcicatrix ; theextenial 
wall tolerably thick and convo- 
luted, but without any bright 
yellow color. 
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IMPREGNATION OF THE OVUM. 
Male Sexual FrucrioNs. 

Testes. — The fluid of the mule, by which the ornm ib impregnated, 
conBiBtfl esBentially of the semen secreted by the tcstides: and to this are 
added, as necessary, perhaps, to its perfection, a material secreted by 
veeiculw seminaUs, as well as the secretion of the prostate gUnd, and 
Cowper'a glands. Portions of these several fluids are, probably, 
charged, together with the proper secretion of tlie testicles. 

The secreting structure of the testicle and its duct are disposed of in 
two contiguous parts, (1) the body of the testicle enclosed within a tough 
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fibrous membrane, the tvnica albitginea, on the outer surface of which 
is the serous covering formed by the tunica vaginalis, and (2) the epi- 
didi/mis and ras deferens. 

Vas Deferens. — The vas deferens, or duct of the testicle, which it 
about two feet in length, is constructed externally of connective tisane, and 
internally is lined by mucous membrane, covered by columnar epithe- 
lium; while between these two coats is a middle coat, very firm and 
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tough, made up chiefly of longitudinal with Bome circular plain muscular 
fibres. When followed back to ita origin, the vas deferens is found to 
pass to the lower part of the epididymis, with which it ia directly con- 
tinuous (Fig. 402), and assumea there a much amalier diameter with an 
exceedingly tortuous course. 

The epididymis, which is lined, except at its loweat part, by columnar 
ciliated epithelium (Fig. iOO), is commonly described as consisting (Fig. 
402) of a globus minor (g), the body (e), and the globus nuijor (/). When 
unraveled, it is found to be constructed of a single tube, measuring 
about tweuty feet in length. 

At the globus major this duct divides into ten or twelve small branches,' 
the convolutions of which form coniform mosses, named roni vasculosi; 
and the ducts continued from these, the vasa pffereniia, after anastomos- 
ing, one with another, in what is called the rste testis, lead Anally as the 
tubuli recti or rasa recta to the tubules which form the proper substance 
of the testicle, wherein they are arranged in lobules, closely packed, and 
all attached to the tough fibrous tiasue at the back of the testicle. The 
epithelium of tlie coni vasculosi and vasa effcrentia is columnar and cili- 
ated; that of the rete testis is squamous. 

Structure of Seminal Tubes. — The seminal tubes, or tubuli ^em- 
ini/eri, which compose the parenchyma of the testicle, are arranged in 
lobules between the connective tissue septa. 

They are relatively large, very wavy, and mnch convoluted; and they 
possess a few lateral bninchcs, by which they become connected into a net- 
work. They form terminal loops, and in the peripheral portion of the 
testis the tubules are possessed of minwte lateral ciecal branchlets. 

Each seminal tubule in the adult testis is limited by a membrana pro- 
pria, which appears as a hyaline elastic membrane containing oval flat- 
tened nuclei at regular intervals. Inside this membrana propria are 
several layera of epithelial cells, the geminal cells. These cousiat of an 
inner and outer layer, the latter being situated next the membrana pro- 
pria. These cells are of two kinda, thoae that are in a resting state and 
those that are in a state of division. The ktter are called mother cells, 
and the smaller cells resulting from their division are railed daughter 
c«IU or sperm atoblasta. From theae the spermatozoa are formed. During 
their development they lie in groups, but when fnlly formed they become 
detached and fill the lumen of the seminiferous tnbnle (Fig. 401). 

Spermatozoa. — On examining the spermatozoon of Triton cristatns. 
one of the Amphibia which possess the largest of all Vertebrate animals, 
Beneago (iiblwa found that the organism (Fig. 404) conaisted of («^ a 
long pointed head, at the base of which ia (i), an elliptical structure jom- 
ing the head to (c), a long filiform bodv; («), a fine filament, much longer 
than the body, ia connected with this latter by (e), a homogeneous mem- 
brane. 
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Tlie hoad, as it apiieara iii the fresh epecimen, has a different refill 
tivp jiowv^r from tliut of the rest of the organiam, and with a high powi 
a))iH'itrj tn bo ii liglit green color; there is also a central line running i^ 
it. from wliiuli it iippeufs to be hollow. The elliptical structure at tl 
bawl of the heiul ponnects it with the long thread-like body, and the fi . 
mcnl S])nngs from it. Whilst the spermatozoon is living, this filameul 
is in I'onatunt motion; at first this is so quick that it is diflicult to see it, 
but as it« vitality becomes impaired the motion gets slower, and it is then 
oasily penwived to he a ooutinnous waving from side to aide. 

In Man the head (Fig. 405) is club-shaped, and from its haae springi 
thv very dolicAte filament which is three or four times as long aa tEe 
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nation, and their actual contact with the ovum is necessary for its ilevel- 
opment; but concerning the miuiner of their action nothing is known. 

The seminal fluid is. probably, after the period of puberty, secreted 
constantly, though, except under excitement, very slowly, in the tubules 
of the testiclea. From these, it passes along the vosa deferentia into the 
Tesicube seminales, whence, if not oxpelled in emiaeion, it may be dis- 
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charged, as slowly as it enters them, either with the urine, which may 
remove minute quantities, mingled with the mucus of the bludder and 
ibe secretion of the proaCute, or from the urethra in the act of defalcation. 
Vesiculx Seminales. — The ve^icviai getnitialft (Fi^, 406) have the 
^ipeartuice of outgrowths from the vaai deferentia. Each vas deferens. 
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just before it enters the prostate gland, thrnngh part of which it | 
to terminate in the urethra, gives off a side-branch, which bende 1 
from it at an acute angle: luid tliis branch dilating, variously branching 
and pursuing in both itself and its branches a tortnous course, forms tl 
veeicula seminal is. 

Structure. — Each of the vesiculBe, therefore, might be nnrnveled 
into a single branching tube, sacculated, convoluted, and folded up. The 
structure of the vesiculse resemblea closely that of the vasa deferentii 1 
The mucous membrane lining the vesiculte seminales, like that of tbt« 
gall-bladder, is minutely wrinkled and set with folds and ridges arrangein 
so as to give it a finely reticulated appearance. 

Functions. — To the veeiculse seminales a double function may be 
assigned; for they both secrete some fluid to be added to that of the tis- 
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tides, and serve as reservoirs for the seminal fluid. The former ia their 
most constant and probably most important office; for in the horse, bear, 
guinea-pig, and several other animals, in whom the vesiculre seminalee 
are large and of apparently active function, they do not communicate 
with the vasa deferentia, but pour their secretions, separately, thongh it 
may be simultaneously, into the urethra. In man, also, when one testicle 
is lost, the corresponding vesicula seminalis suffers no atrophy, though ita 
function as a reservoir is abrogated. But how the vesiculffi seminales act 
ae secreting organs is unknown; tbe peculiar brownish fluid which th<^ 
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contain after death doea not properly represent their secretion, for it is 
ditlereiit in appearance from anytliing diachargeii during life, and is 
mixed with senieii. It is nearly certain, however, that their secretion 
contributes to the pro])er composition of the impregnating fluid; for in 
ulL the animals in whom they exist, and in whom the generative functions 
are exeniseil at only one season of the year, the vesiculs scmimiles, 
whether they commuiiicRte with the viisa deferentia or not, enlarge com- 
mensurately with the testicles at the approach of that season. 

That the vesiculffi are also reseri^oirs in which the eemiiiul Bnid may 
lie for a time previous to its discharge, is shown hy their commonly con- 
tuining the seminal filaments in larger ahundance than any portion of the 
seminal ducts themselves do. The fluid-like mticus, also, which is oft«n 
discharged from the veBicuIa in straining during defffication, commonly 
contains seminal filaments. But no reason can be given why this ottii-e 
of the veBicoUe should not be equally necessary to all the animals wliose 
testicles are organized like those of man, or why in many animals the 
vesicnlie are wholly absent. 

There is an equally complete want of informiition respecting the secre- 
tions of the prostate and Cowi>erB glands, their nature and puqioses. 
That they contribute to the right composition of the impregnating fluid, 
18 shown both hy the position of the glands and by their enlarging with 
the testicles at the approach of an animal's breeding lime. But that they 
contribute only a subordinate part is shown hy the fact, that, when the 
testicles are lost, though these other organs be perfect, all procreative 
power ceases. 

The Semen. 

The mingled secretions of all the organ? just deacribed, form the 
gemen, wbicb is a thick whitish fluid composed ot a liguor nvmiitis and 
tpirmnfozoa, with detached epithelial cells. The fluid part has not 
been satisfactorily analyzeih but Henle says it contains fibrin, because 
shortly after being discharged, flocculi form in it by spontaneous coagu- 
lation, and leave the rest of it thinner and more liquid, so that the fila- 
ments move in it more actively. ■ 

Nothing has shown what it is that makes this fluid with its corpuscles 
capable of impregnating the ovum, or (what is yet more remarkable) of 
giving to the developing offspring all the characters, in features, size, 
mentid disposition, and liability to disease, which belong to the father. 
This is a fact wholly inexplicable: and is. i>erhaps, only exceeded in 
Btrangeness by those facts which show that the seminal fluid may exert 
Buch an influence, not only on the ovum which it impregnates, but, 
through the medium of the mother, on many which are subsequently im- 
pregnated by the seminal fluid of another male. 
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It has been often observed that a well-bred bitch, if she have been 
once impregnated by a mongrel dog, wil] not bear thorough-bred puppies 
in the next two or three litters after that succeeding the copulation with 
the niDijgrel. But the best instance of tlie kind was in the oasc of a mare 
belonging to Lord Morten, who, while he was in India, wished to obt^ 
a crose-brecd between the horse and the qnagga, and cauj^d this mure to 
be covered by a male quugga. The foal that she nest bore hud the dis- 
tinct marks of the quagga, in the uhupe of its head, black bars on the legs 
and shoulders, and other characters. After this time she was thrice cov- 
ered by horses, and every time the foal sbe bore had still distinct, though 
decreasing, marks of the quagga; the peculiar characters of the qnagga 
being thus impressed not only on the ovum then impregnated, bnt on the 
three following ova impregnated by liorsee. It woiud appear, therefore, 
that the constitution of an impregnated female may become eo altered 
and tainted with the peculiarities of the impregnating mole, througli 
the medium of the fcetus, tliut she necessarily imparts such peculiarities 
to any offspring slie may subsequently bear by other males. Of the direct 
means by which a peculiarity of structure on the part of a male is tlius 
transmitted, nothing whatever is known. 

As bearing upon this subject, the following note kindly given to the 
Editors by Mr. h. Probart may be added: — On the Farm AVellwood, the 

property of Charles E , Esq., in the Division of Graaff Remet. Cape 

of Good Hope, there is at present running an aged mare with a numer- 
ous progeny. Some years ago she foaled for three successive seasons to a 
donkey; after that she gave birth to a mare foal, to a horse. This filly 
was a chestnut, and did not exliibit any taint of the donkey by which her 
dum hud previously fouled. But when sUb in her turn foaled to a horee, 
her yonng bore the distinct marks along the back and withers, and rings 
round the lower parts of the legs, which are the peculiarity of the ass and 
the mule. Three foals she has had are all so marked. 
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The earlier stages in development are so fundamentally similar iu all 
vertebrate animals, from Fishes up to Man, that the gaps existing m our 
knowledge of the process in the higher Mammalia, such as man, may be 
in part, at any rate, filled up by the more accurate knowleilge which 
possess of the development of the omm in such animals as the trout, fi 
and fowl. 

One important distinction between the ova of various Vertebrata ehonlij 
be remembered. In the hen's egg, besides the shell and the while or 
bumen, two other structnres are to oe distinguished — the^cni*, often called. 
the cicatricula or "tread," and the pe/i enclosed in its vitelline membrane. 

Tbe germ is essentially a cell, consisting of protoplasm enclosed in a nu- 
cleus and nucleolus. It alone purticipateis in the procesB of segmftttation 
{to be immedialely described], the great mass of tho yelk (food-yelk) n 
maining quite unaffected by it. Since only the germ, which forms but 
small portion of the yelk, undergoes segmentation, tho ovum is caUr 
meroblastic. 
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In the Mammalin, on the other hund, tfacro is no large unsegmented 
mass corresponding to the food-yelk of birds; tlie cutire ovum undergoes 
segmeutatioQ, and is hence termed holoblasHo, 

The eggs of Fishes, Reptilee, and Birds, are merobliisCic, wliile those of 
Amphibia and Mammalia are holoblastic. 

Of the changes which the niammtttinn ovum iindorgoes previous to the 
formation of the embryo, some occur wliilo it is still in the ovary, and are 
apparently independent of impregnation: others take place after it hcs 
reached the Fallopian tiibo. The knowledge wo jmsseBs of these changes 
is derived almost exclusiyely from observations on the ova of the bitch and 
rabbit: but it may be inferred that analogous changes ensue in the human 
ovum. 

Bischofl describes the yelk of an ovarian ovum soon after coitns as being 
unchanged in its chaincterB, with the single exception of being fuller and 
more dense; it is still granular, as before, and does not ^rassess any of the 
cells subseijUently found in it. Tho genninal vesicle always disappears, 
sometimes before the ovnm leaves the ovary, at other times not nntil it 
has entered the Fallopian tube; but always before the commencement of 
the metamorphosis of the yelk. 

As the ovum approaches the middle of the Fallopian tube, it begins to 
receive a new investment, consisting of a layer of transparent albuminous 
or glutinous substance, which forma upon the exterior of the zona pelhicida. 
It is at first exceedingly fine, and, owing to this, and to lis transparency, 
is not easily recognized: but at the lower part of the Fallopian tube it ac- 
t^nircs considerable thickness. 

Segmentation. — The first visible result of fertilization is a slight 
amu'boid movement in the protoplasm of the ovum: this has been observed 
in some fish, in the frog, and in some mammals. Immediately succeeding 
to this the process of segnifntatton commences, and is completed during 
the passage of the ovitm through the Fallopian tube. The yelk becomes 
constricted in the middle, and surrounded by a furrow which, gnidually 
deepening, at length cuts the yelk in half while the same process begins 
almost immediately in each half of the yelk, and cut* it also iu two. Tho 
same process is repeated iu each of the quarters, and so on, until at last by 
continual clearings the whole yelk is changed into a mulberry-like mass 
of small and more or loss rounded bodies, sometimes called "vitelline 
spheres," tho whole still enclosed by tho zona peUurida or vitfUine mem- 
hrant (Fig. 406*). Each of these little spherules contains a transparent 
vesicle like an oil-globule, which is seen with difiicnlty on account of its 
being enveloped by the yelk-granules which adhere cloeoly to its surface. 

The CHUsc of this singular subdivieion of the yelk is quite obscure: 
though the immediate agent in its production seems to be the ceiitnd 
vesicle contained in each division of the yelk. Originally there was prob- 
ably hut one vesicle, situated in the centre of the entire granular mass 
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of the yelk, and probably derived from tlie germinal Teeicle. This dindee 
and subdivides: each successive division and subdivision of the vesicle 
being accompanied by a corresponding division of the yelk. 

About the time at which the Mamm^ I 
Imti. ovum reaches the uterus, the process of I 
division and subdivision of the yelk appean I 
to have ceased, its substance having beesfl 
resolved into its ultimate and smallest diri- 1 
sions, while its surface presents a nnifomfl 
iineily-granular aspect, instead of its latfll 
mulberry-like appearance. The ovnm, in- 
deed, appears at first sight to have lost all 
trace of the cleaving process, and, with the 
exception of being paler and more trans- 
lucent, almost exactly resembles the ovft^J 
rian ovum, its yelk nonsisting apparently d 
11 confused mass of finely gruDuliir 
stance. But on a more careful esan 
tion, it is found that these grannies 
aggregated into numerous minute 9]>he- 
roidal masses, each of which contains a clejir J 
vesicle or nucleus in its centre, and is, in I 
fact, an "embryonal cell." The zona pel- 
lucida, and the layer of alburainons matler 
surrounding it, have at this time the sanie 
character as when at the lower part of the 
Fallopian tube. 

The passage of the ovum, from the ovary I 
to the uterus, occupies probably eight or^ 
ten days in the human female. 

When tho peripheral cells, which are 
formed first, are fully developed, they 
arrange themselves at the surface of t 
yelk into a kind of membrane, and at tl 
same time assume a polyhedral shape fi 
mutual pressure, so as to resemble puve- ' 
ment epithelium. The deeper cells of the 
Fin .40fl*.— Diaprams of the Tarious interior pass graduallv to the surface aud 

Blagss of deavagp o( ibf jKUHlfallonl. ' " ", 

accumulate there, thus increasing tho thiek- 
nesa of the membrane already formed by the more superficial Uyor of 
cells, while the central part of the yelk remains filled only with a clear 
fluid. By this means the yelk is shortly converted into a kind of eecoodaiy 
vesicle, the walla of which are com ixoed externally of the original vitelline 
membrane, and within by the newly formed cellular loyer, the blaelodvmie 
or nrTjiiinnl membrane, as it ia called. 
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Layers of the Blastoderm. — Before long tlie blastoderm is found to 
consist of three fiuidumentiU layers, Epiblast, Mesoblant, and Hypublant. 

Tlje way in which these are Cormed may be readily studied in a hen's 
egg. Ill a freshly laid lieu's egg, befor<? incubation lias commenced, Uie 
blufltodemi is found to consist of two laytrs (Fig, ■107. *' and D), the iipiwi' 
of which forms a di^tinol nicuihrane of columuur cells, while the lower 
stratum cousists of hirger cells irregularly armuged. 




. . . . jn of VM peltadda. Biid *rM optuvlleft eitremlqr o( Binirc) of tdutn- 

■ rmh-lald egs (anlnmbsud), », auperflel^ laytr corrupotidliigtoepltiiiwt: D, d«wr 
— jODdlnttla ^poblanl. aud pmbubb' in pan lu niMoblant ; U, itt^gc '^torinUIre wifa." 
. Ik graoulH. lUHl IjtDB OQ il\e tluur ul ilw aeemi^nUtloa csTlty; A. Uie wliKe yelk lui- 
■DfiUku^I)' underlying Uib vginrDtkUon cavity iSuiulUfT). 

Beneath the blastoderm there are a few scattered larger cells — "for- 
mative cells." In the lower of the above two layers, some ceils bocomo 
flattened and unite to form o distinct membrane (hypoblast); the re- 
mftining oells of the lower layer, together with oome of the large formative 
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cells, which migrate by amteboid movement round the edge of the hypo- 
blast (Fig. 408, M), constitute a third layer (mesoblast). 

These imjiortant clianges are among the earliest results of incubation. 

From the fpibUist are ultimately developed the epidermis and its various 
ftppcndsgcs, also the cerebro-spJnal nerve-Cfiitreji, the sensorial epithelium 
of the organs of special sense (eye, ear, nose), and the epithelium of the 
month' and salivary glands. 

From the hyjxibUifl is developed the epithelium of the whole digestive 
canal, together with that lining the ducts of all the glands whit-h open into 
it; also the glandular parenchyma of the glands {e.g.. liver and panereas) 
connected with it, and the enitheliuni of the respirator}' track. 

From the mfnobbi/it are derived all the tissnes and organs of the liody 
intervening Iwtween tlieni two. tliu whole group of the connective tissues. 
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the muscles and the ccrpbro-spiii»] and syinpatlietic nerves, vith the vas- 
cular and genito-urinarj systems, and iilt the digestive canal vilh its 
various appendages with the exc<jptiou of the lining epithelium above 
mentioned. 



First Uidiments of the Embryo and its Chief OiiGAifa 

Germinal Area. — The position in which the embryo is about to appear 
is early marked out by a central roundish opacity in the blastoderm, due 
to the accumulation of cells in this region. This germinal area, which a 
at first circular, changea its Bbape, becoming pyriform, and finally an 
elongated oval constricted in the middle like a savoy biscuit. 

The central portion becomes transparent, 
and thus we have an area pelUu-ida, sur- 
rounded by an area opaea (Fig. 4uO). 

Primitive Groove. — TJie first trace of 
the embryo is a shallow longitudinal groove 
{prhi'itive riroovi:), which appears toward the 
posterior part of tlie area pellucida (Figs. 
400. 412). 

Medullary Groove. — The primitive 
groove ia but transitory, and is soon di»- 
placed by the irwiMlani groove, which first ap- 
peaTB at the anterior extremity of the future 
embryo, and grows backward, gradually cann- 
ing the diaappearancoof the primitive groove. 
Laminae dorsales. — The medullary canal is bounded by two longitu- 
dinal elevations fjaminm dorsales), which are folds consisting entirely of 
cells of the epiblust: these grow up and arch over the medullary groove 
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(Fig. 411) till they coalesce in the middle line, converting it from an op6&i 
furrow into a closed tube — the primitive cerebro-spinal axis. Over thii 
closed tube, the walls of which cousist of more or leas cylindrical cells, the 
superficial layer of the epiblaet is now continued as a distinct membrane: 
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The union of the medullary folds or laminae dorealee takes placo first 
abont the neck of the future embryo; they soon after unite over the region 
of the head, while the closing in of the groove progresses much more 
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slowly toward the hinder extremity of the embryo. The medullary groove 
18 by no means of uniform diameter throughout, bat even before the dorsal 
iHmime have united over it, is seen to be dilated at the anterior extremity 
and obscurely divided by constrictions into the three primary vesicles of 
the brain. 
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The part from which the epinal cord is formed is of nearly uniform 
calibre, while toward the posterior extrt'inity is a lozenge- shap«d dilata- 
tion, which is the last part to close in (Fig. 413). 

Notochord. — At the same time there appears in the middle line, im- 
mediately beneath the floor of the medullary groove, a rod-shaped structure 
formed by an aggregation of cells of the mesoblast; it soon becomes quite 
distinct from tbe remainder of the mesoblast, and constitntea an axial cord 
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(notocbord, chorda doTsalts) [ch. Fig. 414) which extends nearly the whow 
length of the medullary canal, terminating anteriorly beneath the middle 
one of the three cerebral vesicles, and occupies the future position of the 
bodies of the vertebra aud basis cranii. 

Protovertebras.— SimulUineously on each side of the notochord 
appears a longitudinal thickening; of the mesoblast. 

Thus wc have two lateral plates which when viewed from above are seen 
to be divided into a number of stjuarish segments {protovertebra) t 
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formation of transverse clefts. The first three or four of these protovert 
brae make their appearance in the cervical region, while one or two mm 
are formed in front of this point: and the series is continued bactcwai 
till the whule medullary vanal is flanked by them (Fig. 413). 

Splitting of the Mesoblast.— External to the protovertebne, t^ 
mesoblast now splits into two lamime [jiiirieial and visceral): of these iii 
former, when traced out from the ceiitml axis, ij seen to bo in close appt 
sition with the epiblast aud gives origin to the parietea of the trunk, whi 
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the latter adheres more or less cloeelj to the hypoblaet, uiid gives rise ta 
the serous imd muscular walls of the alimentary canal and several other 
parts {Fig. 414). 

The uuited parietal layer of the mesoblast with the epiblast is termed 
Sortiatopleure, the united visceral layer and hypoblast, Splanchnoph-un: 
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of tlw jt^-aac. (Foaler and Baltonr.) 

The space between thcni is the pleuro-poriloneal cavity, which becomes 
subdiv-ided by subaequent partitions into ]>ericardium, pleura, and peri- 
tonenra, • 

Head and Tail Folds. Body Cavity. — Every vertebrate animal 
consiBt essentially of a longitudinal axis (vortebral column) with a neural 
canal above it, and ubody-pavity (containing the alimentary canal) beneath. 

We have seen iiow the earliest rudiments of the central axis and the 
oeural canal are formed; we must now consider how the general body- 
cavity \i develojied. In the earliest stages the embryo lies flat on the sur- 
face of the yelk, and is not clearly marked oft from the reel of the blas- 
toderm: but gradually a crescentic depression (with its concavity backward) 
is formed in the blastoderm, limiting the head of the embryo; the 
blastoderm is, as it were, tucked in tinder the head, which thus comes to - 
project above the general surface of the membrane: a similar tucking in 
of blastoderm takes place at the caudal extremity, and thus the head and 
tail folds are forine4l (Fig. 415). 

Similar depressions mark off the embryo laterally, until it is completely 
■nrrounded by a sort of moat which it overhangs on all sides, and which 
clearly defines it from the yelk. 

This moat rnns in further and further all round beneath the over- 
hanging embryo, till the latter comes to resemble a canoe turned npside- 
down, the ends and middle being, as it were, decked in by the folding or 
tucking in of the blastoderm, while on the ventral surface there is still a 
laige commnnication with the yelk, corresponding to the "well" or un- 
decked portion of the canoe. 
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This commanication between the embryo and the yelk U gradnUi 
contracted by the further tucking in of the blaBtoderni from iili eidi 
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till it become narrowed down, as by an invisible constricting band, to a 
mere pedicle which passes out of the body of the embryo at the point of 
the future umbilicus. 
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Visceral Plates. — The downwardly folded portions of blastodee 
are termed the visceral jAalet. 
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Thus we Bee that the Ixidy-caTity is formed by tlie downward folding 
of the visceral pUtes, just aa the neural cavity is produced by the upwiml 
growth of the Uoraal latninie, the difference being that, in the visceral or 
ventral lamiiiEB, all three layers of the blastoderm are concerued. 

The folding in of the splanuhnopleure, lined by hypoblast, pinehes 
off, as it were, a portion of the yelk-sac, enclosing it in the body-cavity. 
This forms the rudiment of the alimeutary eanal, which at this period 
ends blindly toward the head and tail, while in the centre it communicates 
freely with the cavity of the yelk-sac through the canal termed vileUine 
or omphalo-meaenteric duct. 

The yelk-sac thus becomes divided into two portions which communi- 
cate through the vitelline duct, that portion within the body giving rise, 
as above stated, to the digestive canal, and that outside the body remain- 
ing for some time as the umbilical vesich (Fig, 417, y»). The hypoblast 
forming the epithelium of the intestine is of coutse continuous with the 
lining membrane of the umbilical vesicle, while the visceral plate of the 
mesoblast is continuous with the outer layer of the umbilical vesicle. 

All the above details will be clear on reference to the accompanying 
diagrams. 

F<ETAL Membranes. 

Umbilical Vesicle or Yelk-sac— The spkncbrioploure, lined by 
hypoblast, forms the yelk-sac in Reptiles, Birds, and Mammals; but in 
Amphibia and Fishes, since there is neither amnion nor allavtoig, the 
wall of the yelk-sac consists of all three layers of the blastoderm, enclosed, 
of course, by the original vitelline membrane. 
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The body of the embryo becomes in great measure detached from the 
jelk-sac or umbilical vesicle, which contains, however, the greater part 
of the substance of the yelk, and fumishee a source whence nutriment is 
derived for the embryo. This nutriment is absorbed by the numerous 
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veeselB (omphalo-meBenteric) which ramify id the walla of the yelk-saOyJ 
forming what in birds is termed the area vasculona. In Birds, the c 
tents of tlie yelic-sac afford nourishment until the end of incnbulion, mi 
tlie omp halo- mesenteric vessels are developed to a corresponding de^-ee^ 
hut in Mammalia the office of the umbilicul vesicle ceases at a very oarif ■ 
puriod, the quantity of the yelk is small, and the embryo soon be^omef 
independent of it by the connections it forms witli the parent. Moreover, I 
in Birds, ae the sac is emptied, it la gradiiaily drawn into the abdom 
through the umbilical opening, which then closes over it: but in Maii»>fl 




maita it always remains on the outside; and as it is emptied it contracts 
(Fig. 410), shrivels up, and together with the part of its duct external to 
the abdomen, is detached and disappears either before or at the termination 
of intra-uterine life, the period of its disappearance varying in different 
orders of Mammalia. 

When blood-vessels begin to be developed, they ramify largely over t] 
walls of the umbilical vesicle, and are actively concerned in absorbing its 
contents aaid conveying them away for the nutrition of the embryo. 

The Amnion and AUantois. — At an early stage of development oj 
the fcetUB, and some time before the completion of the changes whieB 
have been just described, two important structures, called respectiveljl 
tlie amnion and the allantoin, begin to be formed. 

y(jHwio«.— The amnion is produced as follows: — Beyond the head an2^ 
tail-folds before described (p. 250, Vol. II.), the samatopleure coated b 
epiblast, is raised into folds, which grow up, arching over the embryo 
not only anteriorly and posteriorly but also laterally, and all converg 
ing toward one point over its dorsal fllrface (Fig. 417). The growin 
np of these folds from all sides and their convergence toward one poin 
very closely resembles the folding inward of the visceral plates t 
described, and hence, by some, the point at which the amniotic i 
meet over the back has been termed the "amniotic umbilicus," 



The folile not only come into coiituct but. cosleace. The inner of the 
two layers forms the true atnniim, while the outer or reflected layer, some- 
times termed the fahe amnion, coalesces with the inner surface of the 
original vitelline membrane to form the chorion. This growth of the 
amniotic folds roust of course be clearly distiuguiahed from the very 
eimilar process, already described, by which the walla of the neural caual 
are formed at a much earlier stage. 

Amniotic Cavity. — The cavity between the true amnion and the ex- 
ternal surface of the embryo becomes a closed space, termed the amniotic 
cavity (ac. Fig. 417). 

At first, the amnion closely invests the embryo, but it becomes grad- 
ually distended with fluid (liquor amnii), which, as pregnancy advances, 
reaches a considerable quantity. 

This fluid consists of water containing small quantities of albumen 
and urea. Its chief function during geetation appears to be theraechani- 
chI one of affording equal sujiport to the embryo on all sides, and of pro- 
tecting it as far as possible from the effects of blows and other injuries to 
the abdomen of the mother. 

The embryo up to the end of pregnancy is thus immersed in fluid, 
which during parturition serves the Important purpose of gradually and 
evenly dilating the neck of the uterus to allow of the passage of the 
foetus: when this is accomplished the amniotic sac bursts and the 
"waters" escape. 

On referring to the diagrams (Fig. 41"), it will be obvious that the 
cavity outside the amnion (between it and the false amnion) is continu- 
ous with the pleuro-peritoneal cavity at the umbilicus. This cavity is 
not entirely obliterated even at birth, and contains a small quantity of 
fluid ("false waters"), which is discharged during parturition either be- 
fore, or at the same time, as the amniotic fluid. 

Allaniois. — Into the pleuro-peritoneal space the aUantois sprouts out, 
its formation commencing during the development of the amnion. 

Growing out from or near the hinder portion of the intestinal canal 
(r. Fig. 4*20), with which it communicntea, the allantois is at first a solid 
pear-shaped mass of aplanchnopleurc; but becoming vesicular by the jiro- 
jection into it of a hollow outgrowth of hypoblast, and very soon simply 
membranous and vascular, it insinuates itself between the amniotic folds, 
just described, and comes into close contact and union with the outer of 
the two folds, which has itself, as before said, become one with the ex- 
ternal investing membrane of the egg. As it grows, the allantois dcvel- 
opes muscular tissue in its external wall and becomes exceedingly vascu- 
lar: in birds (Fig. 421) it envelopes the whole ombryo^taking up vessels, 
so to speak, to the outer investing membrane of the egg, and lining the 
inner surface of the shell with a vascular membrane, by these means 
affording an extensive surface in which the blood maybe aerated. In the 
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human subject and in other Mammalia, tho vessels carried out by the 
allantoiB are distributed oolj to a special part of the outer membrane o 
chorion, where, by interlacement with the vascular system o' the mother, 
a structure called the placenta is developed. 

In Mammaliiv, as the visceral laminee close in the Abdominal cavity, 
the aUautois is thereby divided at the umbilicus into two portions; the 
outer part, extending from the umbilicus to the chorion, soon shriveling: 
while the inner part, remaining in the abdomen, is in part converted 
into the urinary bladder; the portion of the inner part not bo converted, 
extoudiug from the bladder to the umbihcus, under the name of the 
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uraehus. After bii'th the umbilical cord, and with it the external and 
shriveled portion of tho allantoia, are cast off at the nmbilicus, while the 
urachvs remains as an impervious cord stretched from the top of the 
urinary bladder to the umbilicus, in the middle line of the body, imme- 
diately beneath the parietal layer of the peritoneum. It is sometimes 
enumerated among the ligaments of the bladder. 

It must not be supposed that the phenomena which have been succee- 
sively described, occur in any regular order one after another. On the 
contrary, tho development of one part is going on side by side with that 
of another. i 

The Chorion. — It has been already remarked that the allantais is % 
structure which extends from the body of the fcetus to the outer invest- 
ing membrane of the ovum, that it insinuates itself between the two layers 
of the amniotic fold, and becomes fused with the outer layer, which ha 
itself become previously fused with the vitelline membrane. By these 
means tlie external investing membrane of the ovum, or the chorion, as it 
is now called, represents three layers, namely, the original vitelline mem' 
brane, the outer layer of the amniotic fold, and the allantoia. 

Very soon after the entrance of the ovum into the uterus, in tb»i 
human subject, the outer surface of the chorion is found besot with fii 
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processes, the so-culled ifi7/i of Ihe choriuii (Figs. H'i, W3), which give 
it a rough and shaggy appearance. Al first oaly eoUuUr in structure, 
these little outgrowths Bubsequently become vascular by the development 
iu them of loops of capillaries (Fig. 423); and the latter at length form 

the minute extremities of tdu lilotKi-vi.'asi'l8 ivhirli an-, sm to Bpuak, con- 
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ducted from the foetus to the chorion by the allantois. The function of 
the rilli of the chorion is evidently the absorption of nutrient matter for 
the fiEtiis; and this is probably supplied to them at first from the fluid 
matter, secreted by the follicular glands of the uterus, in which they are 
soaked. Soon, however, the ftetal vessola of the villi come into more 
intimate relation with the vesaels of the uterus. The part at which this 
relation between the vessels of the fcetus and those of the parent eusneB, 




ifl not, however, over the whole surface of the chorioD: for, although all 
the villi become vascular, yet they become indistinct or disappear except 
ftt one part, where they uro greatly developed, and by their branching give 
riae, with the vesaela of the uterus, to the formation of the plactnla. 
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To understand the manner in wliieh the fcslal and maternal bli 
veeaela come into relation with each other in the phicenta, it is n( 
briefly to notice the changes which the uterus undergoes after im] 
tion. These changes constat especially of alterations in structure 
superficial part of the mucous membrane which lines the interior of the 
uterus, and which forma, after a kind of development to be iminediatelj 
described, the membrana decidun, so called on account of its being dis- 
charged from the uterus at birth. 



Formation op the Placenta. 

The mucous membrane of the human uterus, which consists of a 
matrix of connective tissue containing numerous corpuscles (adenoid 
tissue), and is lined internally by columnar ciliated epithelium, is abno- 
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dantly beset with tubular glands, arranged perpendicularly to the surfaM 
(Fig. 425). These follicles are very small in the unimpregnated ntenu; I 
but when examined shortly after imnregnation, they are found elongat«d,9 
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enlarged, and much waved and contorted towanl their deep and'i^M 
extremity, which Is implanted at some depth in the tissue of the ntenu, 
and may dilate into two or three closed sarculi (Fig. 425). 
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The glands are lined by columnar ciliated e]nthelium, and llioy open 
on the inner surface of the mucous membrane by small round orificea set 
oloeely together (a, a. Fig. 42G). 

On the internal surface of the mucons membrane may be seen the cir- 
otUar orifices of the glands, many of which are, in the early period of 
pregnancy, surrounded by a whitish ring, formed of the epithelium which 
lines the follicles (Pig. 426), 

Membrana decidua.— Ooiucidcntly with tlie occurrence of prog- 
nuncy, importaut changes ot'ciir in the etructure of the mucous membmne 
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of the utems. The epithelium and sub-epithelial connective tissue, to- 
f^tber with the tubular glands, increase rapidly, and there is a greatly 
increased voscnlarity of the whole mucous membrane, the vessels of iho 
mucous membrHUO becoming larger and more numerous; while a sub- 
stance composed chiefly of nucleated cells fills np the interfollicular spiices 
in which the blood-vessels are contained. The effect of these changes is 
an increased thickness, iwftness, and vascularity of the mucous mem- 
I bratie, the superficial part of which itself forms the meiubratta decidua. 
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The object of this iiicresBed development seems to be the prodnctit 
of nutritive materials for tlie ovum; for the cavity of the uterus sKortlj 
becomes filled with secreted fluid, consisting almost entirely of nnclestod 
cells in which the villi of the chorion are imbedded. 

When tiie ovum flrst enters the uterus it liecomes imbedded in the 
structure of the decidua, which is yet quite soft, and in which soon after- 
ward three portions are distinguiBhable, These have been named the 
decidua vera, the decidua rejiexa, and the decidua aerotina. The first of 
these, the decidua vera, lines the cavity of the uterus; the second, 
decidua reflcxa, is a part of the decidua vera which grows up around ilie 
ovum, and, wrapping it closely, forms its immediate investment, 

The third, or decidua seroHiia, is the part of the decidua vera wlii 
becomes especially developed in connection with those villi of the chorii 
which, instead of disappearing, remain to form the fcetal part of 
placenta. 

In connection with these villous pTomsses of the chorion, there 
developed depressions or cri/p/s in the decidual mucous membrane, wliicll| 
correspond in shape with the villi they are to lodge; and thus the chori" 
onic villi become more or less imbedded in the maternal structure*. TheM^ 
uterine crypts, it is important to note, are not, as was once supposed, 
merely the open mouths of the uterine follicles (Turner). 

As the ovum increases in size, the decidua vera and the decidua refleia 
gradually come into contact, and in the third mouth of pregnancy the 
cavity between them has quite disappeared. Henceforth it is very difK- 
cult, or even impossible, to distinguish the two layers. 

The Placenta. — During theae chaTigea the deeper part of the mucous 
membrane of the uteras, at and near the region where the placenta is 
placed, becomes hollowed out by sinuses, or cavernous spaces, which com- 
municate on the one hand with arteries and on the other with veins of 
the uterus. Into these sinuses the villi of the chorion protrude, push 
the thin wall of the sinus before them, and so come into intimate relatii 
with the blood contained in them. There is no direct communicatii 
Iwtween the blood-vessels of the motJicr and those of the fcetus; bat 
layer or layers of membrane intervening between the blood of the one 
of the other offer no obstacle to a free interehange of matters betwt 
thorn. Thus the villi of the chorion containing tcetai blood, are batht 
or ftoukod in maternal blood contained in the uterine sin 
arniugpmuiit may be roughly compared to filling a giove with fi^t 
blood, and di|>]iing its fingers into a vessel containing maternal blood- 
Hut in the fo'tal villi there is a constant stream of blood into and out of 
tho IiHip of cujiillary blood-vessels contamed in it, as there is also into and 
out of the maternal sinuses. 

It would H«em from the observations of Goodsir, that, at the villi 
of tlio phwcntal tufts, where the fu-tal and maternal portions of the 
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placenta are brought into cloae relation with each other, the blood in the 
Te6Bels of the mother ii sepanited from that in tlie vessels of the ftetus 
by the intervention of two distinct sets of nucleated cells (Fig. 428). 
One of these (b) belongs to the maternal portion of the placenta, is placed 
between the membrane of the villus and that of the vascular system of 
the mother, and is probably designed to separate 
from the blood of the parent the materials des- 
tined for the blood of the fcetus; the other (/) be- 
longs to the ffletal portion of the placenta, is sit- 
uated between the membrane of the villus and the 
loop of vessels contained within, and probably 
serves for the absorption of the material secreted 
by the other sets of cells, and for its conveyance 
into the blood-vessels of the fcetus. Between the 

two sets of cells with their investing membrane S^Si«^iSSS^itiSS 
there exists a space (d), into which it is probable SS^rtte^S^^^ 
that the materials secreted by the one set of cells '" "' ~ ' ' ""' 

of the villus are poured in order that they may be 
absorbed by the other set, and thus conveyed into 
the fretal vessels. 

Not only, however, is there a passage of materials from the blood of 
the mother into that of the ftetus, but there is a mutual interchange of 
materials between the blood Ixith of foetus and of parent; the latter sup- 
plying the former with nutriment, and in torn abstracting from it 
materials which require to be removed. 

Alexander Harvey's experiments were very decisive on this ]Kiint. 
The view has also received abundant snpijort from Hutchinson's impor- 
tant observations on the communication of syphilis from the father to 
the mother, through the instrumental itv of the fffitus; and still more 
from Savorj'a experimental researches, which prove quite clearly that the 
female parent may be directly inoculated through the foetus. Having 
opened the abdomen and uterus of a pregnant bitch. Savory injected a 
solution of strychnia into the abdominal cavity of one fostus, and into the 
thomcic cavity of another, and then replaced all the parts, everj- precau- 
tion being tatccn to prevent escape of tne poison. In less than half an 
hour the bitch died from tetanic spasms: the foetuses operated on were 
also found dead, while the others wore alive and active. The experi- 
ment«. repeated on other animals with like results, leave no doubt of the 
rapid an<( direct transmission of matter from the fcetus to the mother, 
through the blood of the placenta. 

The placenta, therefore, of the human subject is composed of a ftelal 
part and a maternal part. — the term placenta properly including all that 
entanglement of fcetal villi and maternal sinuses, by means of which the 
blood of the fa'tiis is enriched and purified after the fashion necessary 
for the proper growth and development of those parts which it is designed 
luriah. 
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The importance of the placenta is at once apparent if we reaiembc 
tJiat, during the greater portion of intra-uterine life, the maternal bio 
circulating in its vessels supplies the fcetue with both food aud oxyge 
It thus i>erformB the functions which in later life are discharged I 
ftlimentary canal and Inngs. 

The whole of this structure ia not, as might be imagined, thrown off 
immediately after birth. The greater part, indeed, comes away at that 
time, ae the afier-birth; and the separation of this portion takes place by 
a rending or crushing through of that part at which its cohesion ia least 
strong, namely, where it is most burrowed and undermined by the car- 
ernouB spaces before refcrretl to. In this way it is cast off with the ftetal 
membrane and the docidua vera and rejiexa, together with a part of 
decidua serotina. The remaining portion withers, and disappears 
being gradually either absorbed, or thrown off iu the uterine dischi 
or the hchia, wiiich occur at this period. 

A new mucous membrane is of course gradually developed, as the 
one. by its peculiar transformation into what is called the decidua. ceaaer 
to perform its original functions. 

The iiwbilical cord, which in the latter part of fcetal life is almost 
solely composed of the two arteries and the single vein which reepectiveW 
convey foetal blood to and from the placenta, contains the remnants of 
other structures which in the early stages of the development of the 
embryo were, as already related, of great comparative importance. Thns, 
in early fcetal life, it is composed of the following parts: — (1.) Exter- 
nally, a layer of the amnion, reflected over it from the umbilicus. (2.) 
The umbilical vesicle with its duct and appertaining omphalo-mesenteric 
blood-vessels. (3.) The remains of the allantoia, and continnous with 
it the itmchUB. (4.) The umbilical vessels, which, as JQst remarked, 
ultimately form the greater part of the cord. 



Dbvelopmest of Oroans. 

It remains now to consider in succession the development of the severd 
organs and systems of organs in the further progress of the embryo^ 
The accompanying figure (Fig. 429) shows the chief organs of the bodyi 
ill a moderately early stage of development. 

Development of the Vertebral Collimn and Cranium. 

The primitive part of the vertebral column in all the Yertebrata 
is the chorda dormlis (notochord), which consists entirely of Boft 
cellular cartilage. This cord tapers to a point at the cranial and 
caudal extremities of the animal. In the progress of its develop- 
ment, it is found to become euglosed in a membranous sheath, which 
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at leugth acquires a tibrons structure, compoaed of transverse an- 
nular fibres. The chorda dorsalis is to be regarded as the azygog uxig 
of the Bi>inal column, uiid, in particular, of the future bodies of the ver- 
tebne, although it never itself pussee into the state of hyaline cartilage or 
bone, but remains enclosed us in a case vithJu the persistent parta of the 
Tertebral column which are developed around it. It ia permanent, how- 
ever, only iu a few animals; in the majority only traces of it persist in 
the adult animal. 

In many Fish no true vertebrte are developed, and there is every gra- 
dation from ihe amphioxug, in which the uotochord persists through life 
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and there are no vertebml segments, tlirongh the lampreys in which there 
are a few scattered cartilaginous segments, and the sharks, in which many 
of the vertebnp are partly ossified, to the bony fishes, such as the cod and 
herring, in which the vertebral column consists of a number of distinct 
ossified vertebne, with remnants of the notochord betwoeii them. In 
Amphibia, Reptiles, Birds, and Kammals, there are distinct vertebrte, 
which are formed us follows: — 

ProtovertebrK. — The protoferleb^rm, which have been already men- 
i tinned (p. 2.58, Vol. II. 1, send processes downward and inward to surround 
k the notochord. and also upward between the medullary canal and the 
1 epiblast covering it. In the former situutiou, the carUluginoas bodies of 
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the vertebra moke their appearance, in the latter their arches, whid 
enclose the neoral canal. 

The vertebra) do not exactly correspond in their position with the pro- 
tovertebne: but each permanent vertebra is developed from the couti^- 
onB halves of two protovertebrffl. The original fiegmentation of the pro- 
tovertebrffi disappears and a fresh subdivision occurs in such a way that a 
permanent invertebral disc is developed opposite the centre of each pro- 
tovertebra. Meiinwhile the protovertebrte split into a dorsal and ventral 
portion. The former ia termed the mvscuh-cvianeim» plate, and from il 
are developed all the muscles of tlie back together with Ihe cutis of the 
dorsal region (the epidermis being derived from the epiblaet). The vt-n- 
tra! portions of the protovertebrie, as we have already seen, give rise \r> 
the vertebree and heads of the ribs, but the outer part of each also gives 
rise to a spinal ganglion and nerve-root. 

Tlie chorda is now enclosed in a case, formed by the bodies of the 
vertobne, but it gradually wastes and disappears. Before the disapjieiir- 
anco of the chorda, the ossification of the bodies and arches of the verte- 
brie begins at distinct points. 

The ossification of the body of a vertebra is first observed at the point 
where the two primitive elements of the vertebra have united iuferiorly. 
Those vertebrtB which do not bear ribs, such as the cervical vertebra, 
have generally an additional centre of ossification in the transverse pro- 
cess, which is to be regarded as an abortive nidiraent of a rib. In the 
fostal bird, these additional ossified portions exist in all the cervical vpr- 
tebne, and gradually become so much developed in the lower part of the 
cervical region as to form the upper false ribs of this class of animals,* 
The same parts exist in mammalia and man; those of the last cen-ical 
vertebriB are the most developed, and in children may, for a considerable 
period, bo distinguished as a separate part on each side, like the root or 
head of a rib. 

The true cranium is a prolongation of the vertebral column, and a 
developed at a much earlier period than the facial bones. Originally, it 
is formed of but one mass, a cerebral capsule, the chorda dorsalis being 
continued into its base, and ending there with a tapering point. At an 
early period the head is bent downward and forward round the end of 
the chorda dorsalis in such a way that the middle cerebral vesicle, and 
not the anterior, comes to occupy the highest position in the head. 

Pituitary Body. — In connection with this must be mentioned the 
development of the pituitary body. It is formed by the meeting of two 
outgrowths, one from the foetal brain, which grows downward, and the 
other from the epiblaat of the bucciU cavity, which grows up toward It, 
The surrounding mesoblast also takes part in its formation. The con- 
nection of the first process with the brain becomes narrowed, and pereisia 
as the infundibulum, while that of the other process with the bnccul 
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cavity diBappeors completely ut a spot corresponding with the future posi- 
tion of the body of the sphenoid. 

The first appearance of a solid support at the base of the cranium ob- 
served by Mutler iu fieh, consists of two elongated bands of cartilage 
(tmbeculie crouii), one on the right and the other on the left side, which 
are connected with the cartilaginona capsule of the auditory apparatus, 
and which diverge to enclose the pituitary body, uniting in front to form 
the septum nasi beneath the anterior end of the cerebral capsule. Hence, 
in the cranium, as in the spinal column, there are at first developed at 
the sides of the chorda dorsalis two symmetrical elements, which subse- 
quently coalesce, and may wholly enclose the chonla. 

The brain-case consists of three segments: occipital, parietal, and 
frontal, corresponding in their relative position to the three primitive cer- 
ebral vesicles; it may also be noted that in front of each segment is devel- 
oped a sense-organ (auditory, ocular, and olfactory, from behind forward). 
The basis cranii consists at an early period of an unsegmented cartilagi- 
nous rod, developed round the notochord, and continued forward beyond 
its termination into the trabecules cranii, which bound the pituitarj- fossa 
on either side. 

In this cartili^nous rod three centres of ossification appear: basi- 
occipital, bttsi-sphonoid, and pre-spfaenoid, one corresponding to each 
segment. 

The bones forming the vault of the akull ffrontal, parietal, SQuamous 
portion of temi)oml), with the exception of the stjuamo-occipital, which 
IS pre-formed iu cartilage, are ossified in membrane. 



Development op the Face and Visceral Abches. 

It has been said before that at an early period of development of the 
embryo, there grow up on the sides of the primitive groove the so-calUd 
dorsal lamina, which at length coalesce, and complete by their union the 
spinal canal. The same process essentially takes place in the head, so 
as to enclose the cranial cavity. 

Visceral Laminz. — The so-called riaceral lamitia have been also 
described as passing forward, and gratlually coalescing in front, as the 
dorsal lamina; do behind, and thus enclosing the thoracic and abdominal 
cavity. An analogons process occurs in the facial and cervical regions, 
but the enclosing lamina, insV^ud of being simple, as in the former 
instances, are cleft. 

In this way the so-called visceral arches and clffts are formed, four on 
each side (Fig. 430. a). 

From or in connection with these arches the following parts are de- 
, Tstoped: — 
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The first arch {m&ndibalar) contains a cartilaginous rod 
cartilage), around the distal end of which the lower jaw f 
while the malleus is ossified from the proximal end. 

From near the root of this arch the maxillary process ^rowa forward 
and inward toward the middle line; from it are formed the snperior mai- 
illaiy and malar bones. A pair of cartilaginons rods (pter>-go- palatine), 
parallel to the trabeculte cranii. give origin to the extermd pterj'goid pkti^ 
of the sphenoid and the palate bonee. 

The cleft between the maxillar)- process and the mandibular (or fim 
Tisceral arch) forms the mouth. 

When the maxillarv processes on the two eides fail partiallv or com- 
pletely to unite in the middle line, the well-known condition termed clfjl 
palate results. When the integament of the face jiresenta a similar defi- 
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ciency, we have the deformity known as hare-lip. Though these mo 
deformities frequently co-exist, they are by no means alwaj^a necessarily 



The upper part of the face in the middle line is developed from the 
so-called frontal-naxnl process (a, 3, Fig. 430). From the gfcond arch 
are developed the incus, stapes, and stapedius muscle, the styloid procea 
of the temjHiTnl hone, the stylo-hyoid ligament, and the smaller eomit of 
the /iffoiif hone. From the third visceral arch, the greater ctirnv and 
hody uf the hyoid bone. In man and other mammalia the /ovr/A visceral 
arcii is indistinct. It occupies the position where the neck is afterward 
developed. 

A distinct connection Js traceable between these visceral arches and 
certain cranial nerves: the trigeminal, the facial, the glosso pharyngeal, 
and the piicumogastric. The ophthalmic division of the trigeminal sup- 
plies the trabecular arch; the superior and inferior maxillary divisions 
siijiply the maxillary and mandibular arches respectively. 

The facial nerve distributes one branch (chorda tympani) to the first 
visceral arch, and others to the second visceral arch. Thus it divide^ 
enclosing the first visceral cleft. 



m 



OBNEBATION AND DEVELOPHBKT. 275 

Similarly, the gloBso-pharyngeal divides to enclose the aecond Tisceral 
oloft, its lingaal branch being distributed to the second, and its pharyn- 
geal branch to the third arch. 




The Ta^s, too, eends a branch (pharyngeal) along the third arch, and 
in fishes it gives off paired branches, which divide to £nclose several sup- 
ceasive branchial clefts. 

Development of the Extremities. 
The extremities are developed in a uniform manner in all vertebrate 
They appear in the form of leaf-like elevations from the pari- 
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I et«fl of the trunk (see Fig. 433>, at points where more or less of an arch 
1 will be produced for them within. The primitiTe form of the extremity 
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ia nearly the same in all Vertebrata, whether it be destined for a 
ming, crawling, walking, or flying. In the human totns the fingers are 
at first united, as if webbed for swimming; but this ia lo be regarded not 
BO much ae an approximation to the form of aquatic animals, ae the prim- 
itive form of the hand, the individual parts of which subsequently become 
more completely isolated. 

The fore-limb alwaya appears before the hind-limb and for some time 
continues in a more advanced state of development. In both limbfi alike, 
the distal segment (hand or foot) is separated by a slight notch from the 
proximal part of the limb, and this purt ts subaequentiy divided again b; 
a second notch (knee or elbow-joint). 

Development of the Vascular SvaTEM. 

At an early stage in the development of the embryo-chick, the fio- 
called "area vaacuiosa" begins to make its appearance. A number of 
branched cells in the mesoblafit send out processes which unite so sb to 
form a network of protoplasm with nuclei at the nodal points, A largt 
number of the nuclei acquire a red color; these form the I'cd blood-cells. 
The protoplasmic processes become hollowed out in the centre so as lo 
form a closed system of branching canals, in the walls of which the ks\ 
of the nuclei remain imbedded. In the blood-vesaela thus formed, the 
circulation of the embryonic blood commences. 

According to Klein's researches, the first blood-vessels in the chick 
are developed from embryonic cells of the mesoblast, which swell np and 
become vacuolated, while their nuclei undergo segmentation. These 
calls send out protoplasmic processes, which unite with corresponding 
ones from other cells, and become hollowed, give rise to the capillary wall 
competed of endothelial cells; the blood-corpuscles being budded oS from 
the endothelial wall by a process of gemmation. 

Heart. — About the same time the heart makes its appearance as a 
solid mass of cells of the splanchnoplenre. 

At this period the anterior part of the alimentary tube ends blindk 
beneath the notochord. It is beneath the posterior end of this "foni-gut" 
{as it may bo termed) that the heart begins to be developed. A cavity is 
hollowed out longitudinally in the mass of cells; the central cells float 
freely in the fluid, which soon begins to circulate by means of the rhyth- 
mic pulsations of the embryonic heart, 

These pulsations take place even before the appearance of a cavity, 
and immediately after the first "laying down" of the cells from which the 
heart ia formed, and long before muscular fibres or ganglia have been 
formed in the cardiac walls. At first they seldom exceed from fifteen lo 
eighteen in the minute. The fluid within the cavity of the heart shortly 
SBBumea the characters of blood. At the same time the cavity itaelf 
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forms a communication with the great Tessek in contact with it, and the 
cells of which its walla are composed are tninsformed into fibrous and 
muscular tissues, and into epithelium. In the developing chick it can be 
observed with the uaknl eye as a miuute red pulsating: point before the 
end of the second day of incubation. 

Blood-vessels. — Blood-vessels appear to be developed in two ways, 
according to the siae of the vessels. In the formation of large hlood- 
vesaels, masses of embryonic cells similar to those from which the heart 
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uid other structures of the embryo are developed, arrange themselves in 
the position, form, and thicknesa of the <leveloping vesecl. Shortly after- 
ward the cella in the interior of a column of this kind seem to be devel- 
oped into blood -corpuscles, while the external layer of cells is converted 
into the walls of the vessel. 

Capillaries. — In the development of capillaries another plan m pur- 
sued. Thifl haa been well illustrated by Kulliker, as observed in the tails 
of tadpoles. The first lateral vessoU of the tail have the form of simple 
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urcheB, passing between tlie main artery and vein, and are produced t 
the junction of prolongationa, sent from both the artery and vein, with 
certain elongated or atar-shaped cells, in the substance of the tml. When 
these arches are formed and are permeable to Wood, new prolongatioiu 
pass from them, join other radiated cpIIb, and thus form secondary a 
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(Fig. 434). In this manner, the capillary network extends in proportion 
as the tail increaaes in length and breadth, and it, at the same time, be- 
comes more dense by the formation, acconling to the same plan, of frcsli 
vessels within its meshes. The prolongations by which the vessels com- 
municate with the star-shaped cells, consist at first of narrow pointed 
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projections from the side of the vessels, which gradually elongate nntil 
they come in contact with the radiated processes of the cells. The thick- 
uesa of such a prolongation often does not exceed that of a fibril of fibrous 
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tissue, nnil at lirst it is perfectly solid; but, by degrees, especially after 
its junction with u cell, or with another prolongatioD, or with a voesel 
already permeable to blood, it etilargi»8, and a cavity then forms in its 
interior (see Figs. 434, 435). Thig tissue is well calculated to illustrate 
the various steps in the development of blood-vessels from elongating and 
branching cells. 

In many cases a whole network of capillaries is developed from a net- 
work of branched, embryonic connective -tissue corpusctea bv the joining 
of their processes, the multiplication of their nuclei, and the vacuolation 
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of the cell-substance. The vacuoles gradnally coalesce till all the parti- 
tions are broken down and the originally solid protoplasmic cell-snbstance 
is, so to speak, tunneled out into a number of tubes. 

Capillaries may also be developed from cells which are originally 
spheroidal, racuolos Form in the interior of the cells, gradually becoming 
united by 6ne protoplasmic processes: by the extension of the vacuoles 
into them, capillary tubes are gradually formed. 

Morphology. Heart. — When it first appears, the heart is approitimate- 
ly tubular in form. It receives at its two posterior angles the two omphalo- 
mesenteric veins, and gives off anteriorly the primitive aorta (Fig. 437). 

It soon, however, becomes curved somewhat in the shape of a horse- 
shoe, with the convexity toward the right, the venous end being at the 
same time drawn up toward the head, so that it finally lies behfnd and 
somewhat to the right of the arterial. It also becomes partly divided by 
constrictions into three cavities. 

Of these three cavities which are developed in all Vertebrata, that at 
the venous end is the simple auricle, that at the arterial end the bulbus 
arteriosus, and the middle one is the simple ventricle. 

Those three jjarta of the heart contract in succession. Tlie ouricle and 
the bulbus arteriosus at thia period lie at the extremities of the horseshoe. 
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The bulging out of tlie middle portion inferiorly gives the first indication 
of tlie future form of the ventricle (Fig, 438). The great cuiruture o( 
the horaeslioe by the same means becomes much more developed than the 
anialler curvature between the auricle and bulbus; and the two extremi- 
ties, the auricle and bulb, approach each other superiorly, so u^ to produce 
a greater reaemblance to the later form of the heart, whilst the ventriclt 
becomes more and more developed inferiorly. The heart of Fishes retain* 
these three cavities, no further division by internal septa into right and 
left chambers taking place. In Amplybia, also, the heart throughout life 
consists of the three muscular divisions which are so early formed in the 
embryo; but the auricle is divided internally by a septum into a pnlnnt- 
nitry and systemic auricle. In Heptjles, not merely the auricle is thna 
divided into two cavities, bnt a similar septnm is more or less developed 
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in the ventricle. lu fiirds and Mammals, both auricle and ventricle 
undergo complete division by septa; whilst in these animals as well as in 
reptiles, the bulbus aortse is not permanent, but becomes lost in the ven- 
tricles. The septum dividing the ventricle commences at the apes and 
extends upward. The subdivision of the auricles is very early fore- 
shadowed by the outgrowth of the two auricular appendages, which occurs 
before any septum is formed externally. The septum of the auricles Is 
developed from a semilunar fold, which extends from abova downward. 
In man, the septum between the ventricles, according to Meckel, begins 
to be formed about the fourth week, and at the end of eight weeks is 
complete. The septum of the auricles, in man and all animals which 
possess it, remains imperfect throughout foetal life. When the partition 
of the auricles is first commencing, the two veme cava have dlQerent 
relations to the two cavities. The superior cava enters, as in the adnit, 
into the right auricle; but the inferior cava is so placed that it appears 
to enter the left auricle, and the posterior part of the septum of the auri- 
cles is formed by the Eustachian valve, which extends from the point of 
entrance of the inferior cava. Subsequently, however, the septum, grow- 
ing from the anterior wall close to the upper end of the ventricular sep- 
tum, becomes directed more and more to the left of the vena cava inferior. 
During the entire periotl of fcetal life, there remains an opening in tha « 
septum, which the valve of the foramen ovale, developed in the ti 
month, imperfoi;t]y closes. 
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Bulbus Arteriosus. — The bulbus arteriosus which U originally a, 
single tube, becomes graduiiUy divided into two hy the growth of an in- 
ternal septum, which springs from the posterior wall, and extends forwanl 
toward the front wall and dou'nward toward the ventricles. This parti- 
tion takes a somewhat spiral direction, bo that the two tubes (aorta and 
pulmouarj' artery) which result from its completion, do not run side hy 
Bide, but are twisted round each other. 

As the septum grows down toward the ventricles, it meets and coalesces 
I with the upwardly growing ventricular septum, and thus from the right 
and left ventricles, which are now completely separate, arise respectively 
the pulmonary artery and aorta, wliich are also quite distinct. The au- 
nculo-ventricular and semiluiiar valves are formed by the growth of folds 
of the endocardium. 

At its first ap]iearance the heart is placed just beneath the head of 
the foituB, and is very large relatively to the whole body: but with the 
growth of the neck it becomes further and further removed from the head, 
and lodged in the cavity of the thorax. 

Up to a certain jieriod the auricular is larger than the ventricular 
division of the heart; but this relation is gradually reversed as develop- 
ment proceeds. Moreover, all through fcetal life, the walls of the right 
ventricle are of very mu:;h the same thickness as those of the left, which 
may probably be explained by the fact that in the fcetus the right ventri-. 
cle has to pro{)el the blood from the pulmonary artery into the aorta, and 
thence into the placenta, while in the adult it only drives the blood 
through the lungs. 

Arteries. — The primitive aorta arises from the bulbus arteriosus 
and divides into two branches which arch backward, one on each side of 
the foregut, and unite again behind it, and in front of the notochord, into 
a single vessel. 

This gives off the two omphalo-mesenteric arteries, which distribute 
branches all over the yolk-sac; this arm vmcuhna in the chick attaining 
a largo development, and being limited all round by a vessel known as 
the smus terminal is. 

The blood is collected by the venous channels, and returned through 
":e omphalo-mesent«rtc veius to the heart. 

Behind this pair of primitive aortic arches, four more pairs make their 
' ttppcarance successively, so that there are five pairs in all, each one run- 
ning along one of the visceral arches. 

These 6ve are never all to be seen at once in the embryo of higher 
animals, tor the two anterior pairs gradually disappear, wliile the pos- 
terior ones are making their appearance, so that at length only three 
remain. 

In Fishes, however, they all persist throughout life as the branchial 
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arteries aapplying the gills, while in Amphibia three paira pereist throngh-^ 
out life. 

In Reptiles, Birds, and Mammals, further transformations occur. 

In Reptiles the fourth pair remains throughout life as the permanent 
right and left aorta; in Biitls tlie right one remains as the permanent 
norta, curving over the right bronchus instead of the loft aa in Mammak 

In Mammals the left fourth aortic arch develops into the perma- 
nent aorta, the right one remaining as the subclavian artery of that side. 
Thus the subclavian artery on the right side corresponds to the aortic aTch 
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on the left, and this homology is further confirmed by the fact that the 
recurrent laryngeal nerve hooks nnder the subclavian on the right side, 
and the aortic arch on the left. 

The tliird aortic arch remains as the eitemal carotid arterj', while the 
fifth disappears on the riglit side, but on the left forms the piilmonaty ar- 
terj'. The difital end of this arch originally ojiens into the descending acrta, 
and this communication (which is permanent throughout life in many rep- 
tiles on both sides of the body) remains throuchout fu'tal life under the 
name of ductus arteriosus: the branches of the pulmonary artery to the 
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right and left lung are very small, and moat of tlie blood which is foi-ced 
into tlie [mlmonary artery passes through the wide dutliiB arteriosus into 
the descending aorta. All these points will become clear on reference to 
the preceding diagram (Fig. 439). 

As the umbilical vesicle dwindles in siae, the portion of the omphalo- 
mesenteric arteries outaide the body gradually disoppearB, the part inside 
the body remaining as the mesenteric arteries (Figs. 440. 441). 

Meanwhile with the growth of the allantois two new arteries (nmbt)ical) 
iirpear, and rapidly increase in size till they are the largest branches of 




ie internal iliac arteries, and for a long 
e external iliacs which supply the com- 



the aorta: they are given off from tl 

time are considerably larger than th' 

paratively small hind-limbs. 

Veins. — The chief veins in the earlv embryo may be divided into two 
j groups, visceral and parietalr the former includes the omphalo- mesenteric 
[ and umbilical, the latter the jugular and cardinal veins. The former may 
[ be first considered. 

The earliest veins to appear in the foetus are the omphalo-mosenteric, 

which return the blood from the yolk-sac to the developing auricle. As 

soon as the plaeenla with ita umbilical veins is developed, these unite with 
P the omphalo- mesenteric, and thus the blood which reaches the auricle 
I cornea partly from the yolk-sac and partly from the placenta. Tho right 
I omphalo- mesenteric and tlie right nmbilical vein soon diitappear, and the 
I united left omphalo- mesenteric and umbilical veins )>as8 through the 
I developing liver on the way to the auricle. Two seta of vessels make 
1 their appearance in connection with tho liver (ven» hepatic» advehentes, 

^ I 
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and revehentes), both opening into the anited omphalo-mesenteric ani J 
umbilical voinB, in such a way tliat a portion of the venons blood trover*- J 
ing the latter is diverted into the developing liver, and, having pafscdl 
through its capillaries, returns to the umbilical vein through the veni 
hepatic© reveheutes at a point nearer the heart (see Fig, 442). The por- 
tion of vein between the afferent and efferent veins of the liver becomta 
the ductus venosus. The veufe hepaticee advehentes become the right und 
left branches of the portal vein, the veuie hepaticiB revehentes become 
the hepatic veins, which open just at the junction of the ductus venosiis 
with another large vein (vena cava inferior), whicli is now beiug developed. 
The mesenteric portion of the omphalo- mesenteric vein returning blood 
from the developing intestines remains as the mesenteric vein, which, by 
its union with the splenic vein, forms the portal. 




Tia. 44!.— tHjWTBiDB UhiBtnUHK the 4eTek^>ntent of velni about ibp Uver. B. d r. dncB 1 1 
Curiw, right ajid>[t; c u, right and left cardinal Teiim; o, If ft oniphalo-m«eolerie vrfp: &. rtoJ 
omphalo-niwinitericvFln, almuni Bbrlieled uu: ti, u'. uinbllica] veliu. ot which ■'. Cbe rigbi u)KL,liia 
almost diuppenTHl. Uetween Ibe veam canliiiBlm is swD tb« ouijini^ ol thv rudinuuilsTf liver, vilt 

Interi™ F. i>ai^ velnl f P-.'veluE adveLnl*i: ni, mMMiWrtq Yelin.' (KOUikBr.) ' '' '' 

Thus the fostal liver is supplied with venous blood from two sources, 
through the umbilical and portal vein respectively. At birth the cir- 
culation through the umbilical vein of course completely ceases and the 
vessel begins at once to dwindle, bo that now t]ie only venous supply ot 
the liver is through the portid vein. The earliest appearance of the 
piin'tfal system ot veins is the formation of two short transverse veiuft-l 
(ducts of Cuvier) opening into the auricle on either side, which result ^ 
from the union of a jugular vein, collecting bluod from the head and 
neck, and a cardinal vein which returns the blood from the Wolffian 
bodies, the vertebral column, and the parietes of the trunk. Tliia 
arrangement persists throughout life in Fishes, but in Mammals the fot i 
lowing transformations occur. 

As the kidneys are developing a new vein appears (vena cava inferior^^ 
formed by the junction of their efferent veins. It receives brandies from 
the legs (iliac) and increases rapidly in size as they grow: furtlier up it 
8 tlie hepatic veins. The hi^nrt gradually descends into the thorax, 
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causing the ducta of Cuvier to become oblique inatejul of transvorse. As 
the fore-limbs derelop, the eiibcluviftn veiiiB are fornied. 

A tramversc communicating trunk now unites the two ducts of Cuvier, 
and gradually incretweH, while the left duct of Cuvier becomes almost 
entirely obliterated (all ita blood passing by the communicating trunk to 
the right side) (Fig. 443, c, n). The right duct of Cuvier remains ua 
the right innominate vein, while the communicating branch forma the 
left innominate. The remnant of the left duct of Cuvier generally re- 
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mains ae a fibrous band, running obliquely down to the coronary vein, 
which is really the p'roximal part of the left duct of Cuvier. In front of 
the root of the left lung, another relic may be found in the form of the 
so-called vestigial fold of Marshall, which is a fold of pericardium running 
in the same direction. 



In many of the lower mammals, such as the rat, the left ductus 
Cnvieri remains aa a left superior cava. 

Meanwhile, a, transverse branch carries across most of the blood of the 
left cardinal vein into the right; and by this union the great azygos vein 
D is formed. 

B The upper portions of the left cardinal vein remain as the left superior 

I intercostal and vena azygoa minor (Fig. 443, v), 

^ L 
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ClKCULATIOS OF BlOOD JN THE P(ETC3. 

The circulation of blood in the fcetua differs considerably from that 
of the adult. It will be well, perhaps, to begin its deecriptioti by tracing 
the course of the blood, which, after being carried out to the placenta by 
the two umbilical arteries, has returned, cleansed and replenished, to th> 
fffitUB by the umbilical vein. 

It is at first conveyed to the under surface of the liver, and there th« 
stream is divided, — a part of the blood passing straight on to the in/rrior 
vena cava, through a venous canal called the lindus renosun, while ths 
remainder passes into the portal vein, and reaches the inferior vena caTi 
only after circulating through the liver. Whether, however, by the direct 
route through the ductus venosus or by the. roundabout way throuKb the 
liver, — all the blood which is returned from the placenta by the umbilical 
vein reaches the inferior vena cava at last, and is carried by it to the right 
auricle of the heart, into which cavity is also pouring the blood tliat haa 
circulated in the head and neck and arms, and has been brought to the 
auricle by the superior vena cava. It might be naturally expected that 
the two streams of blood would he mingled in the right auricle, but anch is 
not the case, or only to a slight extent. The blood from the superior 
vena cava — tlje less pure fluid of the two — passes almost exclusively into 
the right- ventricle, through the auriculo- ventricular opening, just as it 
does in the adult; while the blood of the inferior vena cava is directed by 
a fold of the lining membrane of the heart, called the Eustachian valve, 
through the foramen ovale into the left auricle, whence it passes into the 
kfl ventricle, and ont of this into the aorta, and thence to all the body. 
The blood of the svperior vena cava, which, as before said, passes into 
the right ventricle, is sent out thence in small amofint through the jml- 
monary artery to the lungs, and thence to the left auricle, as in the adult. 
The greater part, however, by far, does not go to the lungs, but instead, 
passes through a canal, the dvclua arteriosus, leading from the pulmo- 
nary artery into the aorta just below the origin of the three great vessels 
which supply the upper parts of the body; and there meeting that part 
of the blood of the inferior vena cava which has not gone into these large 
vessels, it is distributed with it to the trunk and lower parts, — a portion 
passing ont by way of the two umbilical arteries to the placenta. From 
the placenta it is returned by the umbilical vein to the under surface ot 
the liver, from which the description started. 

Changes after Birth. — Aft«r birth the foramen ovale closes, and 
do the ductus arteriosus and ductus venosus, as well as the umbilical 
vessels; so that the two streams of blood which arrive at tbe right 
auricle by the superior and inferior vena cava respectively, thenceftu^ 
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mingle in this cavity of the heart, and paBsing into tlie right ventricle, 
go by way of the pulmonary artery to the lungs, and through these, after 
purification, to the left auricle and ventricle, to he distributed over the 
body, (See Chapter on Circulation.) 




Uevelopmekt of the Nervoub System. 

Nenres. — All the spinal nerves are derived from the meeoblaet; also 
all the cranial nerves, except the ojitic and olfuctory, which are out- 
growths of the anterior cerebral vesicles. From the same middle layer of 
the embryo are also derived the ganglia connected with these nerves, and 
the whole sympathetic system of nerves and ganglia. 

Spinal Cord. — Both the brain and spinal cord have a different origin 
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from that of the neirea which arise from them. These nerve -ijentrea are 
developed entirely from the epiblast (possibly, however, a portion of the 
spinal cord originutes in the mcsoblast); while the nerves, as we have 
seen, are formed from mesoblaat. The spinal cord is developed ont of 
the primitive medullary tube which results from the folding in of the 
dorsal lamins (in. Fig. ill). 

Soon after it has closed in, this tube is found to be somewhat oval in 
section, with a central eanal, which, in sections, presents the appeamni'e 
of an elongated slit, slightly expanded at each end. The two opposite 
sides unite (Fig. 445) in the centre of the slit, dividing it into an anterior 
portion (the permanent central canal of the cord) and a posterior, which 
makes its way to the free surface, and persists aa the posterior fissure of 
the cord, lodging a very fine process of pia mater. 

At this period the cord consists almost entirely of grey mutter, but the 
white matter, which is derived probably from the surrounding mesoblast, 
becomes deposited around it on all sides, growing up especially on the 




anterior surface of the cord into the two anterior columns. Theee are 
separated by a fissure (anterior fissure of cord), which of coarse deepeni 
as the columns bounding it become more prominent (Fig. 445). 

By the development of various commissures, the cord is completed. 

When it firet appears, the spinal cord occupies the whole length of the 
medullary canal, but as development proceeds, the spinal cdlumu groi 
more rapidly than the contained cord, so that the latter appears 
drawn up till, at birth, it is opposite the third lumbar vertebra, and 
the adult opposite the first lumbar. In the same way the increawngf 
obliquity of the spina! nen-es in the neural canal, as we approach the 
lumbar region, and the "cauda equina" at the lower end of the cord, are 
accounted for. 

Brain. — We have seen (p. 257, Vol. II.) that the front portion of the 
medullary canal is almost from the first widened out and divided into 
three vesicles. From the anterior vesicle (thalamencepbalon) the two 
primary optic vesicles are budded off laterally: their further historv- will 
be traced in the next section. Somewhat later, from the same vesicle 
the rudiments of the hemispheres appear in the form of two outgrowl 
at A higher level, which grow upward and backward. These 
prosencephalon. 
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In the walla of the posterioi' (third) cerebral vesicle, a thickening 
■ppeare (radimentary cerebellum) wliich becomes separated from the rest 
of the vesicle by a deep inflection. 

At this time there are two chief cnrvaturea oE the brain (Fig. 446, 3). 
(1.) A sharp bend of the whole cerebral mass downward round the end 
of the notochord, by which the anterior vesicle, which waa the highest of 
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~ the three, is bent downward, and the middle one comes to occupy the 
highest position. (2.) A sharp bend, with the convexity forward, which 
runs in from behind beneath the rudimentary cerebellum separating it 
from the medulla. 

Thug, five fundamental parts of the fcetal brain may be distiuguighed, 
which, together with the parts developed from them may be presented in 
the following tabular view. 

Table of Parts Developed from Fundamental Fartf of Brain. 

Cerebral hemispheres, corpora 
striata, corpus callosum, for- 
nix, lateral ventricles, olfac- 
tory bulb (Bhinencephalon). 

Thalami optici, pineal gland, pit- 
uitary body, third ventricle, 
optic nerve (primarily). 



I. Anterior 
Primary 

Vesicle. 



1, Prosencephalon. 



2. Thalamencephalon 
(Dieneephaloii.) 
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II. Middle 1 
Primary V 
Vesicle. ) 

III. Posterior / 

Primary f 



, Epencephalon. 
, lleteiicephalon. 



►Corpora quadrigeiDi 
J cerebri, aqueduct of Svlviiu, 
/ optic nerve (secondarily}. 
j Cerebellum, pons Varolii, ante- 
1 nor part of fourth ventricle. 
I ilediilla oblongata, fourth leor 
\ triule, auditory nerve. 

(Quain's Ana/Ofay.) 
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The cerebral hemispherea grow rapidly upward and backward, wliile 
from their inferior surface the olfactory bulbs are budded off, and the 
thalamencephalon, from which they spring, remains to form the third ven- 
tricle and optic thalami. The middle cerebral vesicle (mesencephalon) 
for some time is the most prominent part of the fistal brain, and iu 
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Fishes, Amphibia, and Reptiles, it remains uncovered through life aa the 
optic lobes. But in Birds tlie growth of the cerebral hemispheres thnuti 
the optic lobes down laterally, and in Mammalia completely overlaps 
them. 

In the lower Mammalia the backward growth of the hemispheres 
ceases as it were, but in the higher groups, such as the monkeys and 
man, they grow still further back, until they completely cover in the 
cerebellum, so that on looking down on the brain from above, the cere- 
bellum is quite concealed from view. The surface of the hemispheres ii 
at first quite smooth, but as early as the third month the great Sylvian 
fissure begins to be formed (Fig. 446, 4), 

The next to appear is the parieto-occipital or perpendicular fissure; 
these two greiit iissures, nnlike the rest of the sulci, are formed by a 
curving round of the whole cerebral mass. 

In the sixth month the Sssurc of Rolando appears: from this time til 
the end of ftrtal life the brain grows rapidly in size, and the convolutions 
appear in quick succession; first the great primary ones are sketched oat. 
then the secondary, and lastly the tertiary ones in the sides of the fissures. 
The commissures of the brain (anterior, middle, and posterior), and the 
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corpus callosum, aro developed by the growth of fibres acroaa the tniddio 
line. 

The Hippocampue major is formpd by the folding in of the grey mat- 
ter from the exterior into the latter ventricles. The eeaential points in 
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the structure and arrangement of the various parts of the brain, are dia- 
grammatically shown in the two accompanying figures (Figs. 448, 449). 

Detblopment of the Oboans op Sense, 

Eye. — Soon after the first three cerebral vesicles have become distinct 
from each other, the anterior one sends out a lateral vesicle from each 
side (primary optic vesicle), which grows out toward the free surface, its 
cavity of course communicating with that of the cerebral vesicle through 
the canal in its pedicle. It is soon met and invaginated by an in-grow- 
ing process from the epiblast (Fig. 450). very much as the growing 
tooth is met by the process of epithelium which produces the enamel 
oi^an. This process of the epiblast is at first a depression which ulti- 
mately bcomes closed in at the edges so as to produce a hollow ball, which 
is thus completely severed from the epithelium with which it was origi- 
nally continuous. From this hollow ball the cryBtalline lens is developed. 
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By the ingrowth of the lens the anterior wall of the primary o 

U forced back nearly into contact with the posterior, and thua the primaiy 

optic vesicle is almost obliterated. The cella in the anterior wall an 
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much longer than those of the posterior wall; from the former the 
proper is developed, from the latter the retinal pigment. 

The cup-shaped hollow in which the lena is now lodged is termed the 
secondary optic vesicle: its walls grow up all round, leaving, however, & 
slit at the lower part. 
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Choroidal Fissure. — Through this slit (Fig. 452), often t«nned the 
choroidal fissure, a process of meaobluBt containing mi merous blood -veseels 
projects, and occupies the cavity of the secondary optic vesicle behiiul 
the lens, filling it with vitreous humor and furnishing the lens capsule 
and the capaulo-pupillary membrane. This process in Mammals projects, 
not only into the secondary optic vesicle, but also into the pedicle of the 
primary' optic vesicle invaginating it for some distance from benenth, 
and thus carrying up the arteria centralis retinm into its permanent 
tion in the centre of the optic nerve. 

This invagination of the optic nerve does not occur in birds, and 
sequently no arteria centralis retinse exists in them. But they possess 
an important permanent relic of the original protnision of the meeoblaet 
through the choroidal fissure, forming the peclen, while a remnant of the 
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Bame fisBure BOmetimos occurs in man under the name coloboma iridiB. 
The cavity of the primary optic vesicle becomea completely obliterated. 
and the roda and cones come into apposition with the pigment lujer of 
the retina. The cavity of its pedicle dieappears and the solid optic nerve 
is formed. Meanwhile the cavity which existed in the centre of the 
primitive lens becomea filled np by the growth of fibres from its posterior 
wall. The epithelium of the cornea is developed from the epiblast, while 
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the corneal tisane proper is derived frona the mesoblast which intervenes 
between the epiblast and the primitive lens which was originally contimi- 
oua with it. The sclerotic coat is developed round the eyeball from the 
general mesoblaBt in which it is imbedded. 

The iris is formed rather late, as a circular septum projecting inward. 
from the fore part of the choroid, between the lens and the cornea. In 
tho eye of the fuetus of Mammalia, the pnpil is closed by a delicate mem- 
brane, the membrnna pupUlaris, which forms the front portion of a 
highly vascular membrane that, in the fcetus, surronnds the lens, and is 
named the membraita capsulo-pupillan'm (Fig. 453). It is aupplied with 
blood by a branch of the arteria centralit retina, which, passing forward 
to the back of the lens, there subdivides. The membrana capaulo-pupil- 
laris withers and disappears in the human subject a short time before 
birth. 

The eyelids of the human subject and mammiferons animals, like those 
of birds, are first developed in the form of a ring. They then extend 
over the globe of tho eye until tliey meet and become firmly agglutinated 
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to each other. But before birth, or in the Camivora after birth, thqffl 
again sepiirate. 

Ear.— Very early in the development of the embryo a depne 
or ingrowth of the epiblast occurB on each side of the heiid which deep* 
and BOOE becomes a closed foUicle. thie priniarp otic vesicle, which clo* 
corresponds in its formation to the leus follicle in the eye, einka do*] 
to some diHtance from the free surface; from it are developed the epiths 
lial lining of the mfmbravous labyrinth of tlie internal ear, consisting d 
the vestibule and its semicircular canals and the scalu media c 
cochlea. The surrounding mesoblast gives rise to the various fibro 
bony and cartilaginons parts which complete and enclose thiB membi 
ous labyrinth, the bony semicircular canals, the walls of the cochlea w 
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its scala vestjbuli and scala tympani. In the mesoblast, between ttel 
primary otic vesicle and the brain, the auditory nerve is gradually differ- 
entiated and forms its central and peripheral attachments to the braia 
and internal ear respectively. According to some authorities, however, 
it is said to take its origin from and grow out of the hind brain. 

The Eustachian tube, the cavity of the tympanum, and the external 
auditory passage, are remains of the first branchial cleft. The membrana 
tympani divides the cavity of this cleft into an internal space, the tym- 
panum and the external meatus. The mucous membrane of the motilh. 
which is prolonged in the form of a diverticnlum through the Eustachian 
tube into the tympanum, and the external cutaneous system, come into 
relation with each other at this point: the two membranes being sepa- 
rated only by the proper membrane of the tympanum. 

The pinna or externa! ear is developed from a process of integument 
in the neighborhood of the first and second visceral arches, and probably 
corresponds to the gill-cover (operculum) in fishes. 
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Nose. — The nose originates like the eyo and ear in a depression of 
the superficial epiblast at eacli side of the fronto-nasal process (primary 
olfactory groove), which is at first completely seitarated from the cavity 
of the mouth, and griulually extends backwurd and downward till it 
opens into the mouth. 

The outer angles of the fronto-nasal process, uniting with the maxil- 
lary process on each side, convert what was at first a groove into a closed 

Developmekt op the Alimentxby Canal. 

The alimentary canal in the earliest stages of its development consists 
of three distinct parts — the fore and hind gut ending blindly at each end 
of the body, and a middle segment which communicates freely on ita 
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ventral snrface with the cavity of the yolk-eac through the vitelline or 
omphalo- mesenteric duct (p. 261, Vol. 11.), 

From the fore-gut are formed the phar}'n]c, cesophagus, and stomach; 
from the hind-gnt, the lower end of the colon and the rectum. The 
month is developed by an involution of the epiblast between the maxillary 
and mandibular processes, which becoraps deeper and deeper till it reaches 
the blind end of the tore-gut, and at length communicates freely with 
the pharynx by the absorption of the partition between the two. 

At the other end of the alimentary canal the anus is formed in a 
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precisely aimilar way by an inrolution from the free Horface, which it I 
length opens into the hind-gut. When the depression from the fre« sur- 
face does not reach the intestine, the condition known aa imperfomt* 
anuB resnlts. A similar condition may exist at the other end of the 
alimentary canal from the failure of the involution which forma tk» i 
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month, to meet the fore-gut. The middle portion of the digestive can^'J 
becomes more and more closed in till its originally wide conununicatios I 
with the yelk-sac becomes narrowed down to a small duct (^-iteUiQO). T 
This duct usually completely disappears in the adult, but oocaaiomUIy tbij 
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proiimal portion remains as a diverticulum from the intestine. 

times u fibrous cord attaching some jiart of the intestine to the umbilicus. , 

remains to represent the vitelline duct. Such a cord hae beeo 1 

to cause in after-life strangulation of the bowel and death. 
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The alimentary canal lies in the form of a straight tube close beneath 
the vertebral column, but it gradually becomes divided into its special 
parta, stomach, small intestine, and large intestine (Fig. 454), and at the 
same time comes to be enspended in the abdominal cavity by means of a 
lengthening mesentery formed from the splanchnopleure which attaches 
it to the vertebral column. The stomach originally has the same directiuu 
as the rest of the canal; its cardiac extremity being superior, its pylorus 
inferior. The changes of position which the alimentary canal undergoes 
may be readily gatliered from the accompanying Bgores (Fig, 4541. 

Pancreas and Salivary Glands. — The principal glands in connec- 
tion with the iutestinal canal are the salivary, pancreas, and the Hvcr. 
In Mammalia, each salivary gland first appears as a simple canal with 
bud-like processes (Fig, 455), lying in a gelatinous nidua or blastema, 
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and communicating with the cavity of the month. As the development 
of the gland advances, the canal becomes more and more ramified, in- 
creasing at the ex]>ense of the blastema in which it is still enclosed. The 
branches or salivary ducts constitute an independent system of closed 
tubes (Fig. 45G). The pancreas is developed eiactly as the salivary 
glands, but is developed from the hypoblast lining the intestine, while 
the salivary glands are formed from the epiblast lining the mouth. 

Liver. — The liver is developed by the protnision, as it were, of a part 
of the walls of the intestinal canal, in the form of two conical hollow 
branches which embrace the common venous stem (Figs. 457, 458). The 
outer part of these cones involves the omphalo- mesenteric vein, which 
breaks up in its interior into a plexus of capillaries, ending in venous 
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tnmks for the conveyanco of the blood to the heart. The inner portion J 
of the cones consists of a number of solid cylindrical niaases of celli,. J 
derived probably from the hypoblast, which become gradually hoUowsd 1 
by the formation of the hepatic ductSf and among which blood-vt 
are rapidly developed. The gland-cells of the organs are derived from 
the hypoblast, the connective tiesue and vessels without doubt from the 
mesoblaat. The gall-bladder is developed aa a diverticulum from the 
hepatic duct. The spleen, lymphatic, and thymus glands are developed 
from tho mesoblast: the thyroid partly also from the hypoblast which 
grows into it as a diverticulum from the fore-gut. 

Dbvelopmbnt of the Rebpihatoiit Apparaths. 

The lungs, at their first development, appear as small tubercles Oft 
diverticular from the abdominal surface of the (esophagus. 

The two diverticular at first open directly mto the ceeophagns, bat I 
aa they grow, a separate tube (the future trachea) is formed at their point I 
of fusion, opening into the lesophagiis on its anterior surface. These | 
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primary diverticula of the hypoblast of the alimentary canal send off 
secondary branches into the surrounding mesoblast, and these again giva 
off tertiary branches, forming the air-cells. Thus wo have the 
formed: the epithelium lining their air-cells, bronchi, and trachea 
derived from the hypoblast, and all the rest of the lung-tissue, 
lymphatics, and blood-vessels, cartilaginous rings, and muscular fibres 
the bronchi from the mesoblast. The diaphragm is early developed. 

Tne Wolffian BoniES, Uhinart Appahatus, and Sexcal OsoAifS. 

The Wolffian Ixnlies are organs peculiar to the embryonic state, and 
may be regarded as temporary, rather than rudimental, kidneys; f<» f 
although they seem to discharge the functions of these latter organs, the 
are not developed into them. 
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Appearance of First Rudiments. — The Wolffian duct mnkcs its ap- 
pearuuce )it uu early Btage in the hietory of the embryo, as a cord running 
longitudinally on cooh side in the mass of ineeobliist, vhieh lies just ex- 
tenittl to tlie protovertebrffl {uag, Fig. 4Gol. Tliia cord, at first solid, 
becomes gradually hollowed out to form a tube (Wolffian duct) whicb 
sinks down till it projects beneath the lining membrane into the plcuro- 
peritoneal cavity. 

The primitive tube thus formed sends off secondary diverticula at fre- 
quent intervals whicb grow into the surrounding mesoblast: tufts of ves- 
sels grow into the blind ends of these ttibes, iuvaginating them and pro- 
dncing '"Malpighian bodies" very similar in appearance to those of the 
permanent kidney, which constitnte the substance of the Wolffian body. 
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Meanwhile another portion of mesoblast between the Wolffian body and 
the mesentery projects in the form of a ridge, covered on its fre« surface 
with epithelium termed "germ epithelium." From this projection is 
developed the reproductive gland (ovary or testis as the case may be), 

Simultaneously, on the outer wall of the Wolffian body, between it 
and the body-wall on each side, an involution is formed from the pleuro- 
peritoneal cavity in the form of a longitudinal furrow, whose edges soon 
close over to form a duct (Muller's duct). 

All the above points are shown in the accompanying figures, 460, 401, 
462, 463, 

The Wolffian bodies, or temporary kidneys, as they may be termed, 
give place at an early period in the human ffetus to their successors, the 
prrmanenl kidneys, which are developed behind them. They diminish 
rapidly in size, and by the end of the third month have almost entirely 
disappeared. Id connection, however, with their upper part, in the male. 
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there are developed from a new maea of blastema, the vasa efferentk, ' 
coni vaaculosi, and fflobua major of the epididymis; and thus is broaght 
aboat a direct conuection between the secreting part of the testicle unil 
its duct (Cleland, Bauks). The "Wolffian ducts persist in the male, anil 
are developed to form the body and globus minor of the epididymis, the 
Tas deferens, and ejaculatory duct on each side, the vesiculse seminilea 
forming diverticula from their lower part. In the female a small relic 
of the Wolffian body persists as the "parovarium": in the male a similsr 
relic is termed the "organ of Girald^s." The lower end of the Wolffian 
duct remains in the female aa the "duct of Gaertner," which deaoendi 
toward, and is lost upon, the anterior wall of the vagina. 
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From the lower end of the Wolffian dact a diverticulum grows \ 
along the body of the embryo toward its anterior extremity, and ulti- 
mately forms the ureter. Secondary diverticula are given off from it and 
grow into the surrounding blastema of blood-vessels and cells. 

Malpighian bodies are formed just as in the Wolffian body, by the 
invagination of the blind knobbed end of these diverticula by a tnft of 
vessels (Fig. 4()3), This process is precisely similar to the invagination 
of the primary optic vesicle by the rudimentary lens. Thus the kidney 
is developed, consisting at first of a number of separate lobules; this con- 
dition remaining throughout life in many of the lower animals, e.g., 
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seals and whales, and traces of this lobulation being visible in the human 
foetnB at birth. In the adult all the lobules are fused into a compact 
Bolid oifian. ^ 
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The enpra-renal capsules originate in a mass of meeoblsst just aboTc 
the kidneys; soon aft«r their first a])pearance they are very much larger 
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than the kidneys (see Fig. 464), but by the more rapid growth o( tikftl 

latter this relation is soon revereed. 



Later Development. 

The first appearance of the generative gland has been already de- 
Bcribed: for some time it ib imposaible to determine whether an ovary or 
testis will be developed from it; gradually however the special characters 
belonging to one of them appear, and in either case the organ soon be- 
gins to assume a relatively lower position in the body; the ovaries being 
ultimately placed in the pelvis; while toward the end of fcetal existence 
the testicloB descend into the scrotum, the testicle entering the internal 
inguinal ring in the seventh month of fcetal life, and completing its 
descent through the inguinal canal and extenial ring into the scrotum bj 
the end of the eighth month. A pouch of peritoneum, the procesgvt 
vagiiialif, precedes it in its descent, and ultimalely forms the tunia 
vaginaJis or serous covering of the organ; the communication between tha 
tunica vaginalis and the cavity of the peritoneum being closed only a 
short time before birth. In its descent, the testicle or ovary of coniw 
retains the blood-vessels, nerves, and lymphatics, which were supplied to 
it while in the lumbar region, and which arc compelled to follow it, so (o 
speak, as it assumes a lower position in the body. Uence the explanation 
of the otherwise strange fact of the origin of these parts at so consider- 
able a distance from the organ to which tiiey are distributed. 

Descent of the Testicles into Scrotum. — The means by which 
the descent of the testicles into the scrotum is effected are not fully and 
exactly known. It was formerly believed that a membranous and partly 
muscular cord, called the (/ubernamtlum (esds, which extends while the 
testicle is yet high in the abdomen, from its lower part, through the ab- 
dominal wall (in the situation of the inguinal canal) to the front of the 
pubes and lower part of the scrotum, was the agent by the contraction of 
which the descent was effected. It is now generally believed, however, 
that such is not the case; and that the descent of the testicle and ovary 
is rather the result of a general process of development in these 
neighboring parts, the tendency of which is to produce this change in 
relative position of these organs. In other words, the descent is not 
result of a mere mechanical action, by which the organ is dragged d< 
to a lower position, but rather one change out of many which attend tha 
gradual development and re -arrangement of these organs. It may be 
repeated, Jjowever, that the details of the process by which the descent 
of the testicle into the scrotum is effected are not accurately known. 

The homologue, in the female, of the gnbemaculum testis, is a stmc- 
ture called the round ligament of the uterus, which extends through the 
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iiiguJnal cfuia), from the outer and upper part of the uterus to the subcu- 
timeouB tissue iu front of the symphysis pubis. 

At a very eurly stage of ftetal life, tlie Wolffian ducts, ureters, Und 
Miilleriiui djicta, open into a receptacle formed by the lower end of the 
allantois, or rudimentary bladder; and as this communicatee with the 
lower extremity of tho intestine, there is for the time a common recep- 
tacle or cloaca for all these parts, which opens to the exterior of tlie body 
through a port corresponding with the future anus, an arrangement 
which is permanent in Reptiles, Birds, and some of the lower Mammalia. 
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In the human fcetus, however, the intestinal portion of the cloaca is cut 
off from tliat which belongs to the urinary and generative organs; a sepa- 
rate passage or canal to the exterior of the body, belonging to these parts, 
being called the sinus vrogenitalis. Subsequently, this canal is divided, 
by a process of division extending from before backward or from above 
downward, into a "pars urinaria" and a "pars genitalis." Tho former, 
continuous with the urac/ius, is converted into the urinary bladder. 

The Fallopian tubes, the uterus, and the vagina are developed from 
the Mullerian ducts (Fig. 464, m, and Fig. 4fi5) whoee first appearance 
has been already described. The two Mullerian ducts are united below 
into a single cord, called the gvnital cord, and from this are developed 



HAND-BOOK OF FHTBIOLOaT. 



the Tagioa, as well as the cervix and the lower portion of the body of the J 
uteruB; while the ununited portion of the doct on each side forms the 
upper part of the uterus, and the Fallopian tube. In certain cases a 
arrested or abnormal development, these portions of the SluUerian duct 
may not become fused together at their lower ettremities, and there ii 
left a cleft or homed condition of the upper part of the uterus resembling 
a condition which is permanent in certain of the lower animals. 

In the male, the Mullerian duc1« have no special function, and are 
but slightly developed. The hydatid of Morgagni is the remnant of the 
upper jiart of the Mullerian duct. The small prostatic pouch, itlervs 
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vmtculinuit, or ninm pomhrii', forms the atrophied remnant of the diB- J 
tal end of the genital oord, and ib, of course, therefore, the homologas,a 
in tho main, of the va^nn and uterus in tlie female, fl 

Thp exli'rnal parl-s of generation are at first the same in both sexefl. 
The opoiiinjj of the gen i to-urinary apparatus is, in both sexes, bounded 
by two folds of akin, whilst in front of it there is formed a penis-like body 
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gnrmounted by a glans, and cleft or furrowed along its under surface. 
Tlie borders of the furrows diverge posteriorly, running at the sides of 
the geni to- urinary orifice internally to the cutaneous folds just mentioned 
(see Figs. 465, 466, 467). In the female, this body becoming retracted, 
forms the clitoris, and the margins of the furrow on its under surface are 
converted into the nymphie, or labia minora, the labia majora pudend» 
being constituted by the great cutaneous folds. In the male fcetus, the 
mar^ns of the furrow at the under surface of the penis unite at about the 
fourteenth week, and form that part of the urethra which is included in 
the penis. The large cutaneous folds form the scrotum, and later (in the 
eighth month of development), receive the testicles, which descend into 
them from the abdominal cavity. Sometimes the urethra is not closed, 
and the deformity called hypospadias then results. The appearance of 
hermaphroditism may, in these cases, be increased by the retention of the 
testes within the abdomen* 
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CHAPTER XXL 

ON THE RELATION OP LIFE TO OTHER FORCES. 

Ak enumeration of theories concerning the nature of life would b^ 
beside the purpose of the present chapter. They are interesting as markfi 
of the way in which various minds have been influenced by the mysteTT 
which has always hung about vitality; their destruction is but another 
warning that any theory we can frame must be considered only a tie for 
connecting present facts, and one that must yield or break on any addi- 
tion to the number which it is to bind together. 

Before attention had been drawn to the mutual convertibility of the 
various so-called physical forces — heat, light, electricity, and others — and 
until it had been shown that these, like the matter through which they 
act, are limited in amount, and strictly measurable; that a given quantity 
of one force can produce a certain quantity of another and no more; that 
a given quantity of combustible material can produce only a given quan- 
tity of steam, and this again only so much motive-power; it was natural 
that men's minds should be satisfied with the thought that vital force 
was some j)eeuliar innate power, unlimited by matter, and altogether in- 
(lei)en(lent of structure and organization. The comparison of life to a 
flume is jirobably as early as any thought about life at all. And so long 
as light and heat were thought to be inherent qualities of certain material 
which i)eriHhed utterly in their production, it is not strange that life 
uIho hIiouIcI have been reckoned some strange spirit, pent up in the 
g(?nn, (;xi)(;n(ling itself in growth and development, and finally declining 
Hfid jHTinhing with the body which it had inhabited. 

With the recognition, however, of a distinct correlation between the 
phyMical fonum, (;amo as a natural consequence a revolution of the com- 
monly jirccptcd theories concerning life also. The dictum, so long ac- 
<c|)t(ul, that lifo wiw essentially independent of physical force besran to 

tx* qiicHtioiKMl. 

Ah it iri wcll-ni^'h impossible to give a definition of life that shall be 
whort. cornpn'hdiiHivo, and intelligible, it will be best, perhaps, to take its 
<'hicf nuiiiift'HtiitionH, and see how far these seem to be dependent on 
othc^r forces in nature, and how connected with them. 

* TIiIm clmptiT 1m h n-nrhit, with some verbal alteralions. of an essay contributed to 
8t, Hiirtholoimtc'M lloHpital Jieports, 1867, by W. Morrant Baker 
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Life manifeats itself by Birth, Growth, Development, Decline and 
Death; and an idea of life will most naturally arise by taking these Gvents 
in succession, and studying them individually, and in relation to each 
other. 

^Vhen the embryo in a seed awakes from that state, neither life nor 
death, which is called dormant vitality, and, bursting its envelopes, 
begins to grow up and develop, it may be said that there is a birth. 
And so. when the chick escapca from the egg, and when any living form 
is, as the phrase goes, brought into the world. In each case, however, 
birth is not the beginning of life, but only the continuation of it under 
different conditions. To understand the beginning of life in any indi- 
Tidnul, whether plant or animal, existence must bo traced somewhat 
further back, and in this way an idea gained concerning the nature of the 
germ, the development of which is to issne in birth. 

The germ may be deKned as that portion of tlie parent which is set 
apart with power to grow up into the likeness of the being from which it 
has been derived. 

The manner in which the germ is separated from the parent does not 
here concern us. It belongs to the special subject of generation. Neither 
need we consider apart from others those mD<les of propagation, as fission 
and gemmation, which differ more apiwrentjy than really from the or- 
dinary process typified in the formation of the seed or ovum. In every 
case alike, a new individual plant or animal is a portion of its parent: it 
may be a mere outgrowth or bud, which, if separated, can maintain an 
independent existence; it may be not an outgrowth but simply a portion 
of the parent's structure, which has been naturally or artificially cut off, 
as in the spontaneous or artificial cleaving of a polype; it may be tho 
embryo of a seed or ovum, as in those cases in which the process of mul- 
tiplication of different organs has reached the point of separation of the 
individual more or less completely into two sexes, the mutual conjugation 
of a portion of each of which, the sperm-cell and the germ-cell, is necessary 
for tho production of a new being. We are so accustomed to regard the 
conjugation of the two sexes as necessary for what is called generation, 
that we are apt to forget that it is only gradually in tho upward progress 
of development of the vegetable and animal kingdoms, that those portions 
L of organized matter which are to produce new beings are allotted to two 
I aeparate individuals. In the least developed forms of life, almost any 
I part of the body is capable of assuming the characters of a separate indi- 
vidual; and propagation, therefore, occurs by fission or gemmation in 
BOme form or other. Then, in beings a little higher in rank, only a 
special part of the body can become a separate being, and only by conju- 
l . gation with another special part. Still, there is but one parent; and this 
w hermaphrodite -form of generation is the rule in the vegetable and least 
i developed portion of the animal kingdom. At last, in all ammola bnt 



308 



HAITD-BOOK OF PHY8IOLOQT. 



the lowest, and in some plants, the portions of organized structure 

ized for development after their mutual union into a new individual, are 

found on two distinct bein^, whicli we call respectively male and female 

The old idea concerning the power of growth resident in the germ of 
the new being, thus formed in various ways, wua expressed by auying tbat 
a store of dormant vitality was laid up in it, and that so long as no de- 
comi)osition ensued, this was capable of manifesting itself and becoming 
active under the influence of certain external conditions, llius, the 
dormant force supposed to be present in the seed or the egg was assumed 
to be the primary agent iu effecting development and growth, and to con- 
tinue in action daring the whole term of life of the living being, aninud 
or vegetable, in which it was said to reside. The influence of extei 
forces — heat, light, and others — waa noticed and appreciated; but th( 
were thouglit to have no other connection with vital force than that in 
some way or other they called it into action, and that to some extent it 
was dependent on them for its continuance. They were not supposed to 
be correlated with it in any other sense than this. 

Now, however, we are obliged to modify considerably our notions and 
with them onr terms of expression, when describing the origin and birth 
of a new being. 

To take, as before, the simplest case — a seed or egg. We must sup- 
pose that the heat, which in conjunction with moisture is necessary for 
the development of those changes which issue in the growth of 
plant or animal, is not simply an agent which so stimulates the don 
vitality in the seed or egg as to make it cause growth, but it is a fot 
which is itself transformed into cliemical and vital power. The embi 
in the seed or egg is a part wliicb can transform heat into vital force, tliis 
term being a convenient one wharewith to express the power which par- 
ticular etmctures possess of growing, developing, and performing other, 
actions which we call vital." Of courae the embryo can grow only 
taking up fresh material and incorporating it with its own structui 
and therefore, it is surrounded in the seed or ovum with matter Bufficii 
for nutrition until it can obtain fresh supplies from without. The ab- 
sorption of this nutrient matter involves an expenditure of force of some 
kind or other, inasmuch as it implies the raising of simple to more com- 
plicated forms. Hence the necessity for heat or some other power before 
the embryo can exhibit any sign of life. It would be quite as impossible 
for the germ to begin life without external force as without a supply of 
nutrient matter. Without the force wherewith to take it, the m 
would be useless. The heat, therefore, which in conjunction with 
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' The term '" vital force " ia here employed for ihe sake of brevily. Whether it fi 
Birictlj Bdmissiblo will be iliscueaed h<;rmfter. 
The tteDerol tmn fo'^ee is used as synooytnouB with what Is now often lenned 
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tnre ia necesaary for the beginning of life, is partly expended aa chemical 
power, which cauees certain modificationa in the natrient material sur- 
rounding the embryo, e.g., the transformatioit of starch into sugar in tlie 
act of germination; partly, it is transformed by the germ itself into 
Tital force, whereby the germ is enabled to take up the nutrient material 
presented to it, and arrange it in forms characteristio of life. Thus the 
force is expended, and thus life begins — when a particle of organized 
matter, which has itself been produced by the agency of life, begins to 
transform external force into vital force, or, in other words, into a 
power by which it is enabled to grow and develop. This is the true 
beginning of life. The time of birth is but a particular period in the 
process of development, at which the germ, having arrived at a fit state 
for a more independent existence, steps forth into the outer world. 

The term "dormant vitality," must be taken to mean simply the exist- 
ence of organized matter with the capiidtii of transforming heat or other 
force into vital or growing power, when this force ia applied to it under 
I proper conditions. 

The state of dormant vitality is like that of an empty voltaic batterj", 
or H steam-engine in which the fuel is not yet lighted, In the former 
case no electric current passes, hecauso no chemical action is going on. 
There is no transformation into electric force, because there is no chem- 
ical force to be transformed. Yet, we do not say, in tjiis instance, that 
there ia a store of electricity laid up in a dormant state in the battery; 
neither do we say that a store of motion is laid up in the Et«am-engine. 
And there is as little reason for saying there is a store of vitality in a 
dormant seed or ovum. 

Next to the beginning of life, we have to consider how far its continu- 
ance by growth and development is dependent on external force, and to 
what extent correlated with it. 

Mere growth ia not a Bi>ecial peculiarity of living beings. A crystal, if 
placed in a proper solution, will increase in size and preserve its own charac- 
teristic outline; and even if it be injured, the flaw can be in part or wholly 
repaired. The manner of its growth, however, ia very different from that 
of a living being, and the process as it occurs in the latter will bo made 
more evident by a comparison of the two casea. The increase of a crystal 
takes place simply by the laying of material on the surface only, and ia 
unaccompanied by any interstitial change. This is, however, but an 
accidental difference. A much greater one ia to be fonnd in the fact 
that with the growth of a crystal there is no decay at the same time, and 
proceeding with it side by aide. Since there is no life there ia no need 
of death — the one being a condition consequent on the Other, During 
the whole life of a living being, on the other hand, there ia unceasing 
change. At different periods of existence the relation l>etween waste and 
npoir ia of course different. In early life the addition is greater than 
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the losB, and so there is growth; the recooBtructed part is better than 
was belore, and so there is development. In the decline of life, on tl 
contrary, the renewal ia less than the destruction, and instead of devi 
opment there is degeneration. But at no time is there perfect net 
stability. 

It must not be supposed, therefore, that life consists in the capability 
of resisting decay. Formerly, when but little or nothing was known 
about the laws which regulate the esistence of living beings, it was rea- 
souable enough to entertain such an idea; and. indeed, life was tbougbt 
to be, essentially, a mysterious power counteracting that tendency to 
decay which ia so evident when life has departed. Now, we know that 
80 far from life preventing decomposition, it is absolutely dependent a] 
it for all its manifestations. 

The reason of this is very evident. Apart from the doctrine of coirfrl 
lation of force, it is of course plain that tissues which do work must aooi 
or later wear out if not constantly supplied with nonrishmcnt; and 
need of a continual supply of food, on the one hand, and, on the other, 
tlie constant excretion of matter wliich, having evidently discharged 
what was required of it, was fit only to be cast out, taught this fact very 
plainly. But although, to a certain extent, the dependence of vital 
power on supplies of matter from without was recognized and appreciated, 
the tme relation between the demand and supply was not until recently 
tlioroughly grasped. The doctrine of the correlation of vital with other 
forces was not understood. 

To make this more plain, it will be well to take an instance of tnuu- 
formation of force more commonly known and appreciated. In the 
steam-engine a certain amount of force is exhibited as motion, and ths' 
immediate agent in the production of this is steam, which again 
result of a certain expenditure of heat. Thus, heat is in this in 
said to ho transformed into motion, or, in other language, one — molecntar 
— mode of motion, heat, is made to express itself by another — mechanical 
— mode, ordinary movement. But the heat which produced the vapor is 
itself the product of the combostion of fnel. or, in other words, it is 
correlated expression ot another force — chemical, namely, that aEBmty 
carbon and hydrogen for oxygen which is satisfied in the act of combi 
tion. Again, the production of light and heat by the burning of coal 
wood is only the giving out again of that heat and light of the eun wbt( 
were used in their production. For, as it need scarcely be said, it ia 
by means of these solar forces that the leaves of plants can decom} 
carbonic acid, etc., and thereby provide material for the construction of 
woody tissue. Thus, coal and wood being products of the expendittin 
of force, must be taken to represent a certain amount of power; and, 
according to the law of the correlation of forces, must be capable of yield- 
ing, in some shape or other, just bo much as was exercised in their forma- 
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tion. The amount of force requiBite (or rending asnnder the elemente of 
cartxmic acid is exactly that amount which will again be manifested 
when they clash together again. 

Thtt BUD, then, really, is the prime agent in the movement of the 
Bt£nm-engine, ae it is indeed in the production of nearly all the ]K>wer 
manifostcil on this glolte. In this {^articular instance, speaking roughly, 
its light and heat are manifested successively as vital and chemical force 
in the growth of plants, as heat and light again in the burning fuel, and 
lastly by the piston and wheels of the engine as motive power. We may 
nee the term tninsformation of force if we will, or say that throughout 
the cycle of changes there is but one force variously manifesting itself. 
It matters not, so that we keep ck^rly in view the notion that all force, so 
far at lea^t as our present knowledge extends, is but a representative, it 
may be in the same form or another, of some previous force, and incapa- 
ble, like motter, of being created afresh, except by the Creator. Much 
of our knowledge on this subject is of course confined to ideas, and gov- 
erned by the words with which wc are compelled to express them, rather 
than to actnal things or facta; and probably the term force will soon lose 
the signification which wc now attach to it. What is now known, how- 
ever, about the relation of one force to another, is not sufficient for the 
complete destruction of old ideas; and, therefore, in applying the ex- 
amples of transformation of physical force to the explanation of vital 
phenomena, we are compelled still to use a vocabulary which was framed 
for expressing many notions now obsolete. 

The dependence of the lowest kind of vital existence on external force, 
and the manner in which this is used as a means whereby life is mani- 
fested, have been incidentally referred to more than once when describing 
the origin of vegetable tissues. The main functions'of the vegetable 
kingdom are construction, and the perpetuation of the race; and the nse 
which is made of external physical force is more simple than in animals. 
The transformation indeed which is effected, while much less mysterious 
than in the latter instance, forms an interesting link between animal and 
crystalline growth. 

The decomposition of carbonic acid or ammonia hy the leaves of plants 
may be compared to that of water by a galvanic current. In both cases a 
force is applied through a special material medium, and the result is a 
separation of the elements of which each compound is formed. On the 
return of the elements to their original state of union, there will be the 
ntnm also in some form or other of the force which was used to separate 
tbflm. Vegetable growth, moreover, with which we are now specially 
ooDcemed, resembles somewhat the increase of unorganized matter. The 
accidental difference of its being in one ca«? superficial, and in the other 
interstitial, is but little marked in the process as it occurs in the more 
permanent parts of vegetable tissues. The layers of lignine are in their 
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arrangement nearly as simple as those of a crystal, and almost or quite li 
lifeless. After their deposition, moreover, they undergo no further 
change than that caused by the addition of fresh matter, and hence they 
are not instances of that ceaseless waste and repair which have been 
referred to as so characteristic of the higher forms of living tissue. There 
is, however, no contradiction here of the axiom, that where there is life 
there is constant change. Those parts of a vegetable organism in which 
active life is going on are subject, like the tissues of animals, to cod- 
Btant destruction and renewal. But, in the more permanent ports, 
life ceases with deposition and construction. Addition of fresh nutter 
may occur, and so may decay also of that which is already laid down, bat I 
the two processes are not related to each other, and not, as in living p 
inter-dependent. Hence the change is not a vital one. 

The acquirement in growth, moreover, of a definite shape in the o 
of a tree, is no more admirable or mysterious than the production of 4 
crystal. That chloride of sodium should naturally assume the form 
a cube is as inesplicable aa that an acorn should grow into an oak, or an 
ovum into a man. When wo learn the cause in the one case we shall 
probably in the other also. 

There is nothing, therefore, in the products of life's more simple 
forms that need make us start at the notion of their being the products 
of only a special transformation of ordinary phj^ical force, and we cannot 
doubt that the growth and development of animals obey the same genenL _ 
laws that govern the formation of plants. The connecting links betwea 
them are too numerous for the acceptance of any other supix>sitioii 
Both kingdoms alike are expressions of vital force, which is itself but ■ 
term for a special transformation of ordinary physical force. The mode 
of the transformation is, indeed, mysterious, but so is that of heat into 
light, or of either into mechanical motion or chemical affinity. 
forms of life are as absolutely dependent on external physical force s 
fire is dependent for its continuance on a supply of fuel; and there i 
as much reason to be certain that vital force is an expression or reprcse ' 
tation of the physical forces, especially heat and light, as that these are 
the correlates of some force or other which has acted or is acting on the 
substances which, as we say, produce them. 

In the tissues of plants, as just said, there is but little change, except 
such as is produced by additions of fresh matter. That which is onoe 
deposited alters but little; or. if the part be transient and easily perishable, 
the alteration is only or chiefly one produced by the ordinary process of 
docay. Little or no force is manifested; or, if it be, it is only the beat 
of tho slow oxidation whereby the structure again returns to inorganic 
shape. There is no special transformation of force to which the term 
vital can be applied. With construction the chief end of vegetable exist- 
ence has been attained, and the tissue formed represents a store of force 
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to be used, but uot by the boing which laid it up. Tlie labors of the 
Tegetabit? world are not for itself, but for auimals. The power laid up 
by the one is sjwnt by the otlier. Hence the reaeoo that the constant 
change, which is so great a chui^actcr of life, is comparatively but little 
marked in plants. It is present, but only in living portions of tho 
organism, and in these it is hat limited. In a tree the greater part of 
the tissues miLy be considered dead; the only change they snffor is that 
fresh matter is piled on to them. They are not tho seat of any transfor- 
mation of force, and therefore, although their existence is the result of 
living action, they do not themselves live. Force is, so to speak, laid up 
in thorn, but they do not themselves spend it. Those portions of a 
vegetable organism which are doing active vital work — which are iiBing 
the sun's light and heat as a means wherehy to prepare building material, 
are, however, the seat of unceasing change. Their existence as living 
tissue depends upon this fact — upon their capability of perishing and 
being renewed. 

And this leads to the answer to the question, Wliat is the cause of 
the constant change which occurs in the living parts of animals and 
Tegetables, which is so invariable an accompaniment of life, that we 
refuse the title of "living" to parts not attended by it? It is because all 
manifestations of life are exhibitions of power; and us no power can bo 
originated by us, as, according to the doctrine of correlation of force, all 
power is but the representative of some previous force in the same or 
another form, bo, for its production, there must be expenditure and 
change somewhere or other. For the vital actions of plants the light and 
heat of the sun are nearly or quite sutScient, and there is no need of 
expenditure of that store of force which is laid np in themselves; but 
with animals the case is different. They cannot directly transform tho 
Bolar forces into vital power; they must seek it elsewhere. The great 
use of the vegetitble kingdom is therefore to store up power in such a 
form that it can be used by animals; that so, when in the bodies of the 
latter, vegetable organized material returns to an inorganic condition, 
it may give out force in such a manner that it can be transformed by 
animal tissues, and manifested variously by them as vital ])ower. 

Hence, then, we most consider the waste and repair attendant on liv- 
ing growth and development aa something more than these words, taken 
by themselves, imply. The waste is the return to a lower from a higher 
form of matter; and, in the fall, force is manifested. This force, when 
specially transformed by organized tissues, we call vital. In the repair, 
force is laid np. The analogy with ordinary transmutations of physical 
force is perfect. By the expenditure of heat in a jmrticular manner a 
weight can be raised. By its fall heat is returned. The molecular 
motion is but the expression in another form of the mechanical. So 
irith life. There is constant renewal and decay, because it is only so that 
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vital activity can take place. Tii9 renewal must be something more than 
replacement, liowever, as the decay must be more than simple mechanical 
loss. The idea of life must include both storing up of force, and its 
transformation in the expenditure. 

Hence we must be careful not to confound the mere preservation of 
individual form under the circumstances of concurrent waste and n;pur, 
with the essential nature of vitality. 

Life, in its eimplest form, has been happily expressed by Savory as a 
atate of dynamical equilibrium, since one of its most characteristic fea- 
tures is continual decay, yet with maintenance for tlie individual by equally 
constant repair. Since, then, in the preservation of the equilibrium there 
is ceaseless change, it is not static equilibrium but dynamical. i 

Care must be taken, however, not to accept the term in too strict ik] 
sense, and not to confound that which is but a necessary attendant on 
life with life itself. For, indeed, strictly, there is no preservation of 
equilibrium during life. Each vital act is an advance toward death. 
Wo are accustomed to make use of the terms growth and development in 
the sense of progress in one direction, and the words decline and decay 
with an opposite signification, as if, like the ebb of the tide, there were 
after maturity a reversal of life's current. But, to use an equally old 
comparison, life is really a journey always in one direction. It is an 
ascent, more and more gradual aa the summit is approached, so gradual 
that it is impoEsible to say when development ends and decline begins. 
But the descent is on the other side. There is no perfect equilibrium, 
no halting, no turning back. 

The term, therefore, mnst be used with only a limited signification.^ 
There is preservation of the individual, yet, although it may seem a pai*-^ 
dox, not of the same individual. A man at one period of his life maj;^ 
retain not a particle of the matter of which formerly he was composed. ' 
The preser^-ation of a living being during growth and development is more 
comparable, indeed, to that of a nation, than of an individual as the term 
is popularly understood. The elements of which it is made np fulfil a 
certain work the traditions of which were handed down from their pre- 
decessors, and then pass away, leaving the same legacy to tliose that fol- 
low them. The individuality is preserved, but, like all thiugs handed 
down by tradition, its fashion changes, until at last, perhaps, scarce any 
likeness to the original can be discovered. Or, as it sometimes happens, 
the alterations by time are so small that we wonder, not at the change, 
but the want of it. Yet, in both cases alike, the individuality is pre- 
served, not by the some individual elements throughout, but by a sncces- 
Bion of them. 

Again, concurrent waste and repair do not imply of necessity the exist- 
ence of life. It is true that living beings are the chief instances of the 
simultaneous occurrence of these things. But this happens only becanse 
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the conditionB under which the fuuctioiis oi life iire< discharged are the 
principal examples of the necessity for thia unceasing and mingled de- 
struction and renewal. They are the chief, but not the only instances 
of thia curious conjunction. 

A theoretical case will make this plain. Suppose an instance of some 
permanent structure, say a marble statue. If wo imagine it to be placed 
nndcr some external conditions by which each particle of its substance 
should waMe and be replaced, yet with maintenance of its original site 
and shape, we obtain no idea of life. Tlicre is waste and renewal, with 
preservation of the individual form, but no vitality. And the reason is 
pltiin. With the waste of a substance like carbonate of calcium whose 
attractions are satisfied, there would be no evolution of force; and even 
if there were, no structure is present with the power to transform or 
manifest anew any power which might be evolved. With the repair, 
likewise, there would be no storing of force. The part used to make 
good the loss is not different from that which disappeared. There ia 
therefore neither storing of force, nor its transformation, nor its expendi- 
ture; and therefore there is no life. 

But real examples of the preservation of an individual substance under 
the circumstances of constant loss and renewal, may be found, yet with- 
out any semblance in them of life. 

Chemistry, perhaps, affords some of the neatest and best examples 
of this. One, suggested by Shepard, seems purttcularly apposite. It is 
the case of trioxide of nitrogen (N,0,) in the preparation of sulphuric 
acid. The gas from which this acid is obtained is sulphur dioxide, and 
the addition of an equivalent of oxygen and the combination of the re- 
enlting snlphur trioxide (SO,) with water (H,0) is all that is required. 
Thus: 

SO, -f- + H.0 = H.SO. 
Sulph. dioiitle : Oxygen : Water = Sulphuric Acid, 

Snlphur dioxide, however, cannot take the necessary oxygen directly 
from the atmosphere, but it can abstract it from trioxide of nitrogen 
(N,0,). when the two gases are mingled. The trioxide, accordingly, by 
continually giving np an equivalent of oxygen to an equivalent of sulphur 
dioxide, causes the formation of sulphuric acid, at the same time that it 
retains its composition by continually absorbing a fresh quantity of oxy- 
gen from the atmosphere. 

In this instance, then, there is constant waste and repair, yet without 
life. And here an objection cannot bo raised, as it might be to the pre- 
ceding example, that both the dostmction and repair come from withont, 
and are not dependent on any inherent qualities of the substance with 
which they have to do. The waste and renewal in the last-named ex- 
unple are strictly dependent on the qualities of the chemical compound 
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which Ib GtibjecC to them. It hue but to be placed in appropriate coiidi< 
tionB, and destruction and repair will continue indefinitely. Force, loo,i 
is njanifeated, but there is nothing present wliich can transform it 
vital shape, and so there is no life. 

Hence, our notion of tlie constant decay which, together with repwr, 
takes place throughout life, must be not confined to any simply mechanical 
act. It must inchide the idea, aa before said, of laying up of force, and 
its expenditure — its transformation too, in the act of being exjiended. 

The growth, then, of an animal or vegetable, implies the expenditnn 
of physiod force by organized tisBue, as a means whereby fresh matter it 
added to and incoqiorated with that already existing. In the case of 
the plant the force used, transformed, and stored np, is almost entire^ 
derived from external sources; the material used is inorganic. The result 
is a tisane which is not intended for expenditure by the individual which 
has accumulated it. The force expended in growth by animals, on the 
other hand, cannot be obtained directly from without. For them r 
supply of force is necessary in the shape of food dprived directly or indi- 
rectly from the vegetable kingdom. Part of this force-containing food 
is expended as fuel for the production of power; and tlie latter is used 
as a means wherewith to elaborate another portion of the food, and incor- 
porate it as animal structure. Unlike vegetable structure, howevi 
animal tissues are the sejit of constant change, because their object is 
the storing up of power, but its expenditure; so there must be const! 
waste; and if this happen, then for the continuance of life thore mnrt 
be equally constant repair. But, as before said, in early life the repair 
Burpasses the loss, and so there is growth. The part rejwiired is better 
than before the loss, and thus there is development. 

The definite limit which has been imposed on the duration of life hai 
been already incidentally referred to. Like birth, growth, and develop- 
ment, it belongs essentially to living beings only. Dead structures and 
those which have never lived are subject to change and destruction, but 
decay in them is dncertuin in its beginning and continuance. It 
pends almost entirely on external conditions, and differs altogether from 
the decline of life. The decline and death of living beings are as definttS'l 
in" their occurrence as growth and development. Like these they may bs. 
hastened or stayed, especially in the lower forms of life, by various infin- 
encos from without; but the putting off of dechne must be the putting 
off also of BO much life; and, apart from disease, the reverse is true also. 
A living being starts on its career with a certain amount of work to do — 
viirioua infinitely in different individuals, bnt for each well-defined. In 
the lowest members of both the animal and vegetable creation the prog- 
ress of life in any given time seems to depend almost entirely on external 
circumntances; and at first sight it seems almost as if these lowly-fonned 
organisms were but the sport of the surrounding elements. But it is 
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only so in appearance, not in reality. Each act of their life is eo much 
expended of the time and work allotted to them; and if, from absence 
of those aurrounding conditions under which alone life is poBsiblc, their 
vitality is stayed for a time, it again proceeds on the renewal of the 
necessary conditions, from that point which it had already attained. The 
amonnt of life to be manifested by uny given individual is the same, 
whether it takes a day or a year for its expenditure. Life may be of 
course at any moment interrupted altogether by disease and death. But 
aupposing it, in any individual organism, to run its natural course, it will 
attain but the same goal, whatever be its rate of movement. Decline 
and death, therefore, are but the natural terminations of life; they form 
part of the conditions on whiih vital action begins; they are the end 
toward which it naturally tends. Death, not by disease or injury, is not 
80 much a violent interruption of the course of life, as the attainment of 
a distant object which was in view from the commencement. 

In the period of decline, as during growth, life consists in continued 
'manifestations of transformed physical force; and there is of necessity 
the same series of changes by which the individual, thongh bit by bit 
perishing, yet by constant renewal retains its entity. The difference, as 
has been more than once said, is in the comparative extent of the loss and 
reproduction. In decline there is not perfect replacement of that which 
is lost. Repair becomes less and less perfect. It does not of necessity 
happen that there is any decrease of the quantity of material added in 
the place of that which disappears. But although the quantity may not 
be lessened, and may indeed absolutely increase, it is not perfect aa ma- 
terial for repair, and although there may be no wasting, there is degen- 
eration. 

No definite period can be assigned as existing between the end of 
development and the beginning of decline, and chiefly because the two 
processes go on side by side in different parts of the same organism. The 
transition as a whole is therefore too gradual for appreciation. But, after 
some time, all parts alike share in the tendency to degeneration; nntil 
at length, being no longer able to subdue external force to vital shape, 
they die; and the elements of which they are composed simply employ 
what remnant of power, in the shape of chemical affinity, is still left in 
them, as a means whereby they may go back to tlie inorganic world. Of 
course the same process happens constantly during life; but in death the 
place of the departing elements is not taken by others, 

Uere, then, a sharp boundary line is drawn where one kind of action 
stops and the other begins; where physical force ceases to bo manifested 
except as physical force, and where no further vital transformation takes 
place, or can in the body ever do so. For the notion of death nmst in- 
clude the idea ot imiiossibility of revival, as a distinction from that state 
of what is called "dormant vitality," in which, although there is no life. 
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there ia capability of living. Hence the explanation of the difference 
between the effect of appliance of external force in the two cases. Take, 
for examples, the fertile but not yet living egg, and the barren or dead 
one. Every application of force to the one must excite movement in ihi 
direction of development; the force, if used at all, is transformed by iHs 
germ into vital energy, or the power by which it can gather up and elab- 
orate the materials for nutrition by which it is surrounded. Hence itt' 
freedom throughout the brooding time from putrefaction. In the olhef 
instance, the appliance of force excites only degeneration; if transformed, 
at all, it is only into chemical force, whereby the progress of destructicoi' 
is hastened; henco it soon rots. To the one, heat is the signal for devel- 
opment, to the other for decay. By one it is taken up and manifested 
anew, and in a iiigher form; to the other it gives the impetus for a still 
quicker fall. 

Life, then, does not stand alone. It is but a special manifestation of 
transformed force. "But if this be so," it may be said — "if the resera*^ 
blance of life to other forces be great, are not the difierences still greater! 

At the first glance, the distinctions between living organized tii 
and inorganic matter seem so great that the difficulty is in finding a 111 
ness. And there is no doubt that these wide differences in both outward 
configuration and intimate composition have been mainly the causes of 
the delay in the recognition of the claims of life to a place among other 
forces. And reasonably enough. For the notion that a plant or an ani- 
mal can have any kind of relationship in the discharge of its functions 
a galvanic battery or a steam engine is sufficiently startling to the mi 
credulous. But bo it has been proved to be. 

Among the distinctions between living and unorganized matter, that 
which includes differences in structure and proximate chemical rompod-l 
tion has been always reckoned a great one. The very terms orgaoic and 
inorganic were, until quite recently, almost synonymous with those which 
implied the influence of life and the want of it. The science of chem- 
istry, however, is a great leveller of artificial distinctions, and many com- 
plex substances which, it was supposed, could not be formed without th«, 
agency of life, can be now made directlyfrom their elements or from verjj 
simple combinations of these. The number of complex substances m 
formed artificially is constantly increasing; and there seems to be no rea- 
son for doubting that even such as albumin, gelatin, and the like, will be 
ultimately produced without the intermediation of living structure. 

The formation of the latter, such an organized structure for instance 
as a cell or a muscular fibre, is a different thing altogether. There is at 
present no reason for believing that such will ever be formed by artificial 
means; and, therefore, among the peculiarities of living force-transform- 
ing agents, must be reckoned as a great and essential one, a special in- 
timate structure, apart from mere ultimate or proximate chemical com- 
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position, to which there is nrt close likeness in any artificial apparatus, 
even the moat complicated. This is the real distinction, as regards com- 
poeition, between a living tissue and an inorganic machine; namely, the 
difference between the structural arraagemeiit by which force is trans- 
formed and manifested anew. The fact that one agent for transforming 
force is made of albumen or the like, und another of zinc or iron, is a 
great distinction, but not so essential or fundamental a one as the differ- 
flnce in mechanical structure and amingenient. 

In proceeding to consider the difference between what may be called 
the trans form at ion- products of living tissue, and of an artificial machine, 
it will be well to take one of the simple caac& first — the production of 
mechanical motion; and especially because it is so common in both. 

In one we can trace the transformation. We know, as a fact, that heat 
produces expansion (steam), and by conatructing an apparatus wliich pro- 
Tides for the application of the expansive power in opposite directions 
^ alternately, or by alternating contraction with expansion, we are able to 
I produce motion so as to subserve an infinite variety of purposes. For 
the continuance of ttie motion there must be a constant supply of heat, 
and therefore of fuel. 

In the prodnction of mechanical motion by the alternate contractions 
of muscidar fibres wc cannot trace the transformation of force at all. We 
know that the constant supply of force is as necessary in this instance as 
in the other; and that the food which an animal absorbs ii as necessar}' as 
the fuel in the former case, and is analogous with it in function. la 
what exact relation, however, the latent force in the food stands to the 
movement in the fibre, we are at present quite ignorant. That in some 
way or other, however, the transformation occurs, we may feel quite certain. 
There is another distinction between the two exhibitions of force which 
must be noticed. It has been universally believed, almost up to the pres- 
ent time, that in the production of living force the result is obtained by 
an exactly corresponding waste of the tissue which produces it; that, for 
instance, the power of each contraction of a muscle is the exact equiv- 
alent of the force produced by the more or less complete descent of so 
much muscular substance to inorganic, or less complex organic shape; in 
other words, — that the immediate fuel which an animal requires for the 
production of force ia derived from its own substance; and that the food 
taken must first be appropriated by, and enter into, the very formation 
of living tissue Ijefore its latent force can be transformed and manifested 
as vital power. And here, it might bo said, is a groat distinction between 
a living structure and a simply mechanical arrangement such as thnt 
which has been used for comparison; the fuel which is analogous to the 
food of a plant or animal does not, as in the case of the latter,, first form 
part of the machine which transforma its latent energy into another 
Tariety of power. 
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Ws are not, at preeent, in h position to deny that tliie is a real 
great distinction between the two cases; but modem investigations 
raore than one direction lead to the belief that we must hesitate bcft 
allowing each a difference to be a universal or essential one. The expen»' 
ments referred to seem conclusive in regard to the production of musculu 
power in greater amount than can be accounted for by the products of 
rauacular waste excreted; and it may be eaid with justice, that there is no 
intrinsic improbability in the suppoftd occurrence of transformatiou of 
force, apart from equivalent nutrition and subsequent destruction of the 
transforming agent, Argument from analogy, indeed, would be in favor 
of the more recent theory as the likelier of the two. 

Whatever may be the result of investigations concerning the relation 
of waste of living tissue to the production of power, there can be 
doubt, of course, that the changcB in any part which is the seat of vitil 
action must be considerable, not only from what may be called "wear 
tear," but, also, on account of the great instability of all organized strui 
tnres. Between such waste as this, liowevcr, and that of an inorganto 
machine there is only the difference in degree, arising neoesaaril; from 
diversity of structure, of elemental arrangement, and so forth. But the 
repair in the two cases is different. The capability of reconstruction in 
a living body is an inherent quality like that which causes growth in a 
special shape or to a certain degree. At present we know nothing really 
of its nature, and we are therefore compelled to express the fact of ita 
existence by such terms as "inherent power," "individual endowment," 
and the like, and wait for more facta which may ultimately explain It. 
This special quality is not indeed one of living things alone. The repair 
of a crystal in definite shape is equally an "individual endowment," or 
"inherent peculiarity," of the nature of which we are equally ignorant. 
In the case, however, of an inorganic machine there is nothing of the 
sort, not even as in a crystal. Faults of structnre must be repaired by 
some means entirely from without. And as our notion of a living being, 
say a horse, would be entirely altered if Haws in liis composition were 
repaired by external means only; so, in like manner, would our idea of the 
nature of a steam-engine be completely changed had it the power of ab- 
sorbing and using part of its fuel aa matter wherewith to repair any ordi- 
nary injury it might sustain. 

It is this Ignorance of the nnture of such an act ae reconstruct! 
which causes it to be said, with apparent reason, that so long as the 
"vital force" is used, so long do we beg the question at issue — ^Vhat 
the nature of life? A little consideration, however, will show that the ji 
tice of this cnticism depends on the manner in which the word "vital' 
used. If by it we intend to express an idea of something which arises in 
a totally different manner from other forces — something which, we know 
not how, depends on a special iniiwte quality of living beings, and owns no 
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I dependence on ordinury physical force, but is simply stimnlnted by it, 
W and haa no correlation with it — then, indeed, it would be just to say that 
I the whole matter is merely shelved if we retain the term "vital force," 
I But if a distinct correlation bo recognized between ordinary physical 

I force and that whicii in various shapes is manifested by living beings; if 
I it be granted that every act — say, for eiample, of a brain or muscle — ia 
I the exactly correlated expression of a certain quantity of force latent in 
I the food with which an animal is nourished; and that the force produced 
I either in the shape of thought or movement is but the transformed expres- 
I eion of external force, and can no more originate in a living organ with- 
1 out supplies of force from without, than can that organ itself be formed 
or nourished without supplies of matter; — if these facts be recognized, 
then the term used in speaking of the powers exerciaod by a living being 
is not of very mucli consequence. We Lave as much right to me the 
term "vital" as the words galvanic and chemical. All alike are but the 
expressions of our ignorance concerning the nature of that power of 
which all that we call "forces" are various manifestations. The differ- 
ence is in the apparatus by which the force is tranafonned. 

It is with tliis meaning that, for the present, the term "vital force" 
may still be retained when wo wish shortly to name that combination of 
energies which we call life. For, exult as we may at the discovery of the 
transformation of physical force into vital action, wo must acknowledge 
not only that, with tlie exception of some slight details, we are utterly 
j ignorant of the process by which the transformation is effected; but, as 
well, that the result is in many ways altogether different from that of any 
other force with wliicti we are acquainted. 

It is impossible to define in what respects, exactly, vital force differs 
from any other. For while some of its manifestations are identical with 
ordinary physical force, others have no parallel whatsoever. And it is 
this mixed nature which has hitherto baffled all attempts to define life, 
and. like a Wiil-o'-the-wisp, has led us floundering on through one defini- 
tion after another only to escape our grasp and show our impotence to 
seize it. 

In examining, therefore, the distinctions between the products of 
transformations by a living and by an inorganic machine, we have first to 
recognize the fact, that while in some cases the difference is so faint as to 
be nearly or quite imperceptible, in others there seems not a trace of 
resemblance to bo discovered. 

In discussing the nature of life's manifestations — birth, growth, devel- 
opment, and decline — the differences which exist between them and other 
processes more or less resembling them, but not dependent on life, have 
I been already briefly considered and need not be here repeated. It may 
I be well, however, to sum up very shortly the particulars in which life as 
I ft manifestation of force differs from all others. 
L Vol. 11.-21. 
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The mere acquirement of a certain shape by growth ia 
liarity of life. But the power of developing into so composite a mass even 
as a vegetable cell is a property possessed by an organized being only. In 
the increaae of inorganic matter there ia no development. The minutest 
crystal of any given salt has esactiy the same sbape and intimate struc- 
ture OB the largest. With the growth there ia no development. There is 
increase of size with retention of the original shape, but nothing more. 
And if we consider the matter a little we shall see a reason for this. In 
all force- transformers, whether living or inorganic, with but few ei. 
ceptiona — and these are, probably, apparent only — something more m 
required than homogeneity of structure. There seems to be a need for 
some mutnal dependence of one part on another, some distinction 
qualities, which cannot happen when all portions are exactly alike. And' 
here lies the resemblance between a living being and an artificial machin&i 
Both are developments, and depegd for their power of transfomiing foi 
on tbat mutual relation of the several parts of their structure which 
call organization. But here, also, lies a great differenre. The develop- 
mcut of a living being is due to an inherent tendency to assume a certain 
form; about which tendency we know absolutely nothing. Vi'e recognize 
the fact, and tbat is all. The development of an inorganic machine— 
say an electrical apparatus — is not duo to any inherent or individniil 
property. It is the result of a power entirely from without; and we 
know exactly how to construct it. 

Here, then, again, we recognize the compound nature of a living 
being. In structure it is altogether different from a crystal — in inherent 
capacity of growth into definite shape it resembles it. Again, in the fact 
of its organization it resembles a machine made by man: in capacity 
growth it entirely differs from it. In regard, therefore, to etmctui 
growth, and development, it has combined in itself qualities which in 
other things are more or less completely separated. 

That modification of ordinary growth and development called gener- 
ation, which consists in the natural production and separation of a portion 
of organized structure, with power itself to transform force so as there- 
with to build up an organism like the being from which it was throi 
off, ia another distinctive peculiarity of a living being. We know 
nothing like it in the inorganic world. And the distinction is the 
because it is the fulfilment of a purpose, toward which life ia evidently 
from its very beginning, constantly tending. It is as natural a deeti 
to separate parts which shall form independent beings as it is to derel 
a limb. Hence it is another instance of that carrjing out of certain 
jecls, from the very beginning in view, which is so characteristic of thii 
living and of no other. 

It is especially in the discharge of what are called the animal foi 
tions that we see vital force most strangely manifested. It i& true tl 
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one of the actions included in this term — namely, mechanical movement 
— although one of the most striking, is by no means a distinctive one. 
For it must be remembered (hat one of the commonest transfonnBtions of 
physical force with which we are acijuainted is that of heat into mechani- 
cal motion, and that this may be effected by an apjuratus having itself 
■ nothing whatever to do with life. The peculiarity of the manifestation 
in an animal or vegetable is that of the organ by which it is effected, and 
the manner in which the transformation takes place, not in the ultimate 
result. The mere fact of un animal's possessing capability of movement 
is not more wonderful than the possession of a eimitar property by u stt-am 
engine. In both cjtses alike, the motion is the correlative expression of 
force latent in the food and fuel respectively; but in one case we can 
trace the transformation in the arrangement of parts, in the other we 
cannot. 

The consideration of the producti of the transformation of force 
effected by the nervous system would lead far beyond the limits of the 
present chapter. But although the relation of mind to matter is so little 
known that it is impossible to speak with any freedom concerning such 
correlative expressions of physical force as thought and nerve-prodncts, 
fltill it cannot be doubted that they are as much the results of transfor- 
mation of force as the mechanical motion caused by the contraction of a 
muscle. But here the mystery reaches its climax. We neither know 
how the change is effected, nor the nature of the product, iior its analo- 
gies with other forces. It is therefore better, for the present, to confess 
our ignorance, tliaTi, with the knowledge which we have lately gained, to 
build up rash theories, serring only to cause that confusion which is 
■worse than error. 

It may be said, with perfect justice, that even if the foregoing conclu- 
sions be accepted, namely, that all manifeBtations of force by living beings 
are correlative expressions of ordinary physical force, still the argument 
ia based on the assumption of the existence of the apparatus which we 
call living organised matter, with power not only to use external force 
for its own use in growth, development, and other vital manifestations, hnt 
for that modification of these powers which consists in the separation of 
a part that shall grow up into the likeness of its parent, and thus con- 
tinue the race. We are therefore, it may added, as far as ever from any 
explanation of the origin of life. This is of course quite true. The ob- 
ject of the present chapter, however, is only to deal with the relations of 
life, as it now exists, to other forces. The mauner of creation of the 
various kinds of organized matter, and tho source of those qualities, 
belonging to it, which from our ignorance we call inherent, are different 
questions altogeth 

To say that of necessity the power to form living organized matter 
will never be vouchsafed to us, that it is only a mere materialist who 
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would believe in such a possibility, seems almost as absurd as the state- 
ment that such inquiries lead of necessity to the denial of any higher 
power than that which in various forms is n^^ifested as ^^force/' on this 
small portion of the universe. It is almost as absurd, but not quite. 
For, surely, he who recognizes the doctrine of the mutual convertibility 
of all forces, vital and physical, who believes in their unity and imperish- 
ableness, should be the last to doubt the existence of an all-powerful Being, 
of whose will they are but the various correlative expressions; from whom 
they all come; to whom they return. 



APPENDIX A. 



The Chemical Basis op the Human Body. 



Of the aixty-fonr knomi chemical elements no leee than Beventeen have 
been found, in larger or smaller quautitiee, to form the chemical basis of 
the animal body. 

The enbatancea occnrring in largest qnantities are the non-metallic ele- 
ments. Oxygen, Carbon, Hydrogen, and Nitrogen — oxygen and carbon 
making up altogether about 85 per cent, of the whole. Th» moat abun- 
dant of the metallic elements are Calcium, Sodium, and Potassium. 

The following table repreaenta the relative proportion of the mrioiiB 
elements. — (Marshall. ) 



Oxygen .... 


. . . 72-0 


Fluorine -08 


Carbon .... 


. . . 13-5 


Potassium -026 


Hvdrogen . . . 


. . . 9-1 


Iron -Ol 


Kitrogen . . . 


. . . 2-5 


Magnesium . ■ . . . -0013 


Calcium . . . 


. . . 1-3 


Silicon -0003 


Phosphonia . . 
Sulphur . . . 


. . . M5 


(Ti-acea o( copper, lead, and 
aluminium) .... 


. . . -1476 


Chlorine . . . 






... -085 


100- 



Compounds. — The elementary snbetances ftbove-mentioned seldom 
occur free or uncombined iu the animal body; but are nearly always 
united among themselves in various numbers, and in variable proportions 
to form '^compound/*." Several elements have, however, been deUJcted 
in small amount free; traces of uncorabined Ort/fftn and Nitrogen Imve 
been found in the blood, and of UydrogeH as well as of Oxygfn and 
Nitrogen in the intestinal canal. 

Organic and Inorganic Compounds. — It waa formerly thought 

that the more complex compounds built up by the animal or vegetable 

organism were peculiar, and could not be made artiGcially by chemists 

from their elements, and under this idea they were formed into a distinct 

L class, termed organic. This idea has been given up, but the name is still 

I in use, with a different signification. The term organic is now applied 



326 



HAND-BOOK OF PHTBIOtO&T. 



simply to the compounds of the element Uarbon, irreBpective of th< 
complexity; chemists having found that these compounds are so ni 
0U3 and important, and tliat they include all those to which the 
organic was in former times exclusively given. 

Characteristics of Organic Compounds. —The animal oi 
compounds are characterized as a rule by their cmnplexily, for 
fii-st place many elements enter into their composition, thereby 
guishing them from bodies such as water (H,0), hydrochloric acid (HCll, 
and ammonia (NH,), which may be taken as types of inorganic com- 
pounds. And again, because many atoms of the same element ocuor 
in each molecule. This latt«r fact no doubt explains also the reason of 
the iiistabiiitij of organic compounds. 

Another great cause of the instability arises from the fact that manT 
such compounds contain the element Nitrogen, which may be called 
negative or undecided in its afiiuitics, and may be easUy separated from 
combination with other elements. 

Animal tissues, containing as they do these organic nitrogenons com- 
pounds, are extremely prone to undergo chemical decomposition, and 
this is especially the case since they also contain a large quantity of water, 
a condition most favorable for the breaking up of such substances. It 
is from this fact that in the conBideration of the chemical basis of the 
body we meet with an extremely large nnraber of decomposition products. 

In treating of the various snbstances found in the aTiimal organion 
it ia convenient to adopt the division into — 



1. Organic • 

2. Inorganic. 



a. Nitrogenoua. 

h. Non- Nitrogenous. 



1. Oboanio. 



m^i 



(ffl) Nitrogenous bodies take the chief part in forming the solid tiasnea 
of the body, and are found to a considerable extent in the circulating 
fluids (blood, lymph, chyle), the secretions and excretions. They contain 
often in addition to Carbon, Hydrogen, Nitrogen, and Oxygen, the ele 
ments Sulphur and Phosphorus; "but although the composition of meet 
of them is approximately known, no general rational formula can at 
e given. 

Several classea of animal nitrogenous bodies may be distinguished, 
and it is convenient to consider them under the following heads: — 

(1,1 Albuminoids or proteids. 

1 Gelatinous substances. 

I Decomposition nitrogenous bodies. 
(4.) Certain supposed nitrogenous bodies, the exact composition < 
which has not been made out. 





(1.) Albuminoids or Profeith aro the most important of the nitroge- 
tious animal compounde, one or more of them entering as essential parts 
into the formation of all living tiaauo. In the lymph, chyle, and blood, 
they also exisl abundantly. Their atomic formula is uncertain. Their 
composition may be taken as — 



Carbon 


. from 51-5 to 54-5 


nydrogen 


. " 6-J " r-3 


Nitrogen 


. " 15-2 "17- 


Oxygen 

Sulphur 


. " 20-'J " 23-5 . 


■ " -3 " 2- {Hoppe-Seyler.) 



Physical Properties. — Proteids a 
ble, BO that they possess as a rule i 



] all amorphous and non-cry stalliza- 
< power (or scarcely any) of passing 



through animal membranes. They are soluble, but undergo alteration in 
ooniposition inatrongacids and alkalies; some are soluble in water, others 
in neutral saline solutions, some in dilute acids and alkalies, few in 
alcohol or ether. Their solutions have a left-handed action on polarized 
light. 

Cltemical Properties. — Certain general reaetiooaare given for proteids. 
They are a little varied in each particular case: — 

i — A solution boiled with strong nitric acid, becomes yellow, 

and this yellownpsa guts darker on addition of ammonia 

(santho-proteic reaction). 
ii. — With potassium ferrocyanide and acetic acid, they give a white 

precipitate, 
iii. — With a trace of copper sulphate and an excess of potassium 

or sodium hydrate the^ give a purple coloration, 
iv. — With Millon's reagent (rai.x«l nitrate and nitrite of mercury?), 

they give a white or pinkish precipitate, becoming more 

pi nit on boiling. 
T. — When boiled with sodium eulpbate and acetic acid, a white 

precipitate is thrown down. 

It is nimal to place Proteids into the following sub-clasaes, thus: — 



II. 



m. 



Native Albumins. 
Egg- Albumin. 
S^mm'Albamin. 



Derived ALBiiMiNSf Qlob[Iun. 
Acid- Albumin. (a.1 Globulin. 

Alkali-Albumin. (b.J Myosin. 
Casein. (c.) Pibrinoplastic Globulin, 

(d.) Fibrinogen, 
(e. ) Vitellin, etc 
/■.—Peptones. VI.— Coagulated Pbotbids. 
VII.— Laedaceiu. 



Classes of Proteids. 

r I. The Kative Albumins are soluble in water and in saline solntions 

■ eoagnlable by heating, not precipitated by acetic or normal phosphoric 
I acid. Serum-albumin (p. 85, Vol. I.) is distinguished from egg-albumin 
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in being soluble in ether and iu not bo easily giving a precipitate vitli 
strong hydrochloric acid; the precipitate being easily redissolved in excess 
of the acid. Semm-albumin is found in the blood, lymph and serous and 
synovial fluids, and the tissues generally; it appears in the urine in thy 
condition known as albuminuria. Two varieties, mefalbuftiin and paral- 
himin have been described as existing iu dropsical fluids and oviuiaa 
cysts respectively. 

II. Derived Albumins are made by adding dilute acids or aliialiei 
to solutions of native-albumin. They are insoluble in water or in neatral 
saline solutions, and are not coagulated by heat. Both the native-albu- 
mins and the next two classes (iii. and iv.) of proteids generally undergo 
change into cither acid or alkali albumin on the addition of acids or al- 
kalies, and foods containing cither albumins or globulins change first of 
all into one or other of these compounds, according as ihey are acted 
upon by the gastric or pancreatic juices respectively. Acid-albumin is 
called also syntonin, and is either identical with or akin to it. Casein is 
very probably natural alkali- albumin, and exists in milk, being kept in 
solution by the alkaline phosphates; it exists also in the serum and serouB 
fluids in small quantity, and in muscle. It is not coagulable by beat, and 
GO corresponds with the other derived albumins; it is obtainable as a pre- 
cipitate by neutralizing milk with acid {acetic). Naturally it is precipi- 
tated in sour milk, on the formation of lactic acid. 

III. Globulins which comprise the fibrin-forming substances of the 
blood and the coagulable material in muscle, and also the principal part 
of the crystalline lena, yelk of egg, etc., are soluble in very dilute sfdine 
solutions, but not in distilled water like the native-albnmius; on addition 
of an acid or alkali, they are converted into the corresponding derived- 
albumin. They are precipitated on heating. The following are the 
chief varieties of globulins. 

(a,) QlobuUn or Crytttallin is prepared by rubbing np the crystalline 
lens with sand, adding water and filtering. On passing a current of car- 
bonic acid gas through the filtrate, globulin is precipitated. In proper- 
ties, it resembles flbrino-plastin and fibrinogen, but cannot apparently 
produce fibrin in fluids containing either. It coagulates at 70° — 75° C. 

(b,) Myosin can be prepared {1} from dead muscle by removing aO 
fat, tendon, etc., and washing repeatedly in water, until the watting 
contains no ti'ace of proteids, and then treating with 10 per cent, eolntioft ■ 
of sodium chloride, which will dissolve a large proportion into a vistM^ll 
fluid, which filters with difficulty. If the viscid nitrate be dropped littla r 
by little into a large quantity of distilled water, a white flocciilent p»-] 
cipitate of mjosin will occur. (2) Or from living muscle by freezing and 1 
ruDbing u^ in a mortar with snow and sodium chloride solution 1 P«r j 
cent., a fluid is obtained which on filtering is ^t first liquid, but will fiuallj' I 
clot; the clot is myosin. 

Myosin, on addition of dilute acids, dissolves and forms syntonin 
acid-albumin. It is less soluble in dilute saline solutious than \c) a 
(d). It coagulates at 55°— 60" C. 
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(c.) Fibriiioplaaiin or Abrinoplaislic globulin or parafflobvtin is pre- 
pared from blooU-senun diluteil with 10 rota, of water, b^ puling a cur- 
rent of curbunic acid gas, und collecLing the fine precipitate which is 
formed, and washing with water eontnining carbonic acid gas. The 
cnrrent Bhould be strong and not long continued. It may be better pre- 
pared as a sticky white substuuce, by saturating serum with crystallized 
sodium chloride or m^uesium sulphate. (See also p. 6!), Vol. I.) It 
coagulates at (i8°— 80° C. 

(d.) Fibrinogen is prepared from hydrocele and other like fluids bv 
diluting and passing a brisk current of carbonic acid gas (COJ through 
the solution; or by saturation of the nerve fluids with sodium chloride or 
magnesium sulphate. (See also p. 69, Vol. I.) It coagulates at 55° — 
67° C. 

(e.) Viltllin can be prepared from yelk of egg, in which it is prob- 
ably associated with lecithin. 

IV. Fibrin is a white filamentous body formed in the spontaneous 
coagulation of certain animal fluicla. It is insoluble in water, except at 
very high temperatures, soluble in dilute acids and alkalies to a slight 
degree, and in Btroug neutral saline solutions. Soluble also in strong 
acids and alkalies. 

It is prejiared by washing blood-clot or by whipjiing blood with a 
bundle of twigs. Its formation iii the blood has been already fully con- 
sidered , 

V, Peptones {or albuminose) are nitrogenous bodies of uncertain 
composition made in the process of the digestion of other proteids. It is 
almost certain that there are several distinct forms. 

The great distinction which exists between peptone and other proteids 
is their diSusibility and they giving no precipitates with either acids or 
alkalies, with copper sulphate, -ferric chloride, potaseinm ferrocyanide 
and acetic acid, or on Ixiiling, and only with picric acid, tannin, mer- 
curic chloride, silver nitrate, and lead acetate. In addition to this the 
color which a peptone gives with potassium hydrate and cupric sulpliate 
is reddish instead of violet. 

K^hne believes that ordinary albumin splits up under the action of 
the gastric juice or jMtncreatic juiM into two parts, one ctUled anfiaUni- 
mose, and the otheT liemia/bumose, and further thatantialbumose becomes 
antipeptone and humialbumosc, hemipeplonf. The difference between 
hemipeptone and untipeptone is that the former can be further split up 
br the action of the pancreatic juice. He believes that antialbumoeo is 
closely allied to syntonin. and that the liemialbumose is more like myosin, 
and if the pepsin be feebly acting, a body which he calls antiallmmaif 
appears, which cannot be converted into peptone by gastric juice, but cjin 
by pancreatic juice. Solutions of hydrochloric acid or of sulphuric acid 
can, under favorable circumstances, partially change albumin into peptone, 

VI. — Coagtilated Proteids. — When a native albumin or a globulin 

is raised to a certain temiieniture (varying a little with each substance), 
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iiboiit 70° 0, it undergoes coagiiktion and loaee moat of its original char- ^ 
acters. It becomeB insoluble both in water and in ealine solutions, and 
although soluble in strong acids and alkalies in boiling, partially decom- 
poses during the process. They are not soluble in dilute acids or alka- 
lies, but dissolve freely under the action of the gastric or of the panel*- j 
atic secretion, being coni^erted into peptones. ■ 

VII. Lardacein. — Lardacein or amyloid suhstanee is found in ceivl 
tain organs of the body, chiefly in the liver, as a morbid liepoeit. It is ' 
insoluble in water, and in saline solutions. It is unacted upon by the 
digestive juices. It is colored red by iodine. It is soluble in acids or ia 
alkalies, thus forming acid or alkali albumin. 

(2.) Oelatinovs principfes inchide: — (I.) Gelatin; (2.) Mucin; (3.)^ 
Elastin; (4.) ChondJ-in; and (5.) Keratin. They are very like the Pro-S 
teid group, but exhibit considerable differences among themselves. 

(1.) Oelatin is produced by boiling fibrous tissue, or by treating boiMB, 
■with acids, whereby their salts are dissolved, leaving the framework of 
gelatin, which is soluble in hot water. I 

- It is a yellow, amorphous, transparent body, which does not give nnf! 
of the proteid reactions if pure, insoluble in cold, but soluble in hot' 
water, forming a jelly on cooling. Its solutions are precipitated by tan- 
nin, by alcohol and by mercuric chloride. 

{2,) Mucin, contained in mucus. It ia a substance of ropy eonaist- 
ency. 

Prepared from ox-gall by precipitation with alcohol, and afterward 
redissoiving in water, and reprecipitating with acetic acid. It may be also 
prepared from diluting mucus with water, filtering, treating the insoluble 
portion with weak caustic alkali, and precipitating with acetid acid. It 
IS precipitated by alcohol and mineral acids, but dissolved by excess of 
the latter— dissolved by alkalies. It gives the proteid reaction with Mil- 
Ion's reagent, but not with eupric sulphate and potassium hvdrate. It is 
not precipitated by mercuric chloride or by tannic acid. It is a colloid 
substance. 

(3.) Elastin is the basis of elastic tissue^ it is soluble only in strong 
alkalies on boiling; strong sulphuric or nitnc acid dissolves it in the cold. 

(4.) Chondrin is contained in the matrix of hyaline cartilage, and 
may be extracted by boiling with water and precipitating with acetie 
acid. 

(5.) Keraliti is obtained from hair, nails, and dried skin, It contui 
sulphur, evidently only loosely combined. 

(3.) Decomposition MfrotienouS produdii. — These are formed by 
chemical actions which go on in digestion, secretion, and nutrition. 

Most of the compounds are amides, which are acids in which amidogen. 
Nil,, is substituted for liy/froxt/!, OH. Amides may also be represented 
ae obtained from the ammonium salts by abstraction of water, or as de- 
rived from one or more molecules of ammonia, NH„ by substituting 






acid radicals for hydrogen. 
the following ways:- 



Thu8 acelamide may be written in any <a 
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CU. 
CO NH, 



CO ONH. ) 



-H.0 



(C, II, 0)' 1 
IV ) 

(C, H, 0) being the radical of acetic acid. 

Vnrifties. — Several of the varieties of amides are represewted in the 
proUuets with which we have to do, 

(a.) Monamides which are derived from a monatomic acid — that ia to 
Bay, an acid which conts,ins the carboxyl group COOH. once, by the sub- 
stitiition of NH for OH in this group. In these compounds if only one 
is the H in NH is replaced by on acid radical, a primary monamide of 
formed: if two, by acid or alcohol radicals, a secondary monamide; if 
three, by acid or ^cohol radicals, a tertiary monamide. 

Two monamides are also formed from each diatomic acid {i.e., those 
which contain OH twice, once in the carboxyl group COOH, and once in 
the alcohol group On H,n OH), both by the substitution of NH, for OH, 
and therefore having the same composition. They are Isomeric and not 
identical however, the one formed by the substitution of NH, for the alco- 
holic on being acid, while the other formed by the replacement of the 
basic hjdrojtyl is neutral. The acid amides are called amic acids, or may 
form a class by themselves, called alanines. 

Three amides are obtained from each diatomic and bibasic acid: — (1.) 
An acid amide or amic acid, derived from the acid ammonium salt by ab<- 
Blraction of one molecule of water, (i. ) A neutral monamide (or tmide), 
derived by abstraction of two molecules of water from the ammonium 
Baits. (3.) Anentral amide or (b) Diamioe, derived from the ammonium 
salt by abstraction of two molecules of water. Thu^ succinic acid gives: — 



Succinamic Acid 



- C, H. 



Snccinimide . . . . C, H, 
Succinamide . . . . C H 



{CO NH.). 



(a) pRisiART Monamides. 
Glycin, glycocol or glycocin, or amido-acetic acid- 



s' O occurs in the body in combination, as in 



C.H Oj'i 

H" U 

H' ) 

the biliary acids, never free. Olycocholic acid, when treated with weak 
acids, wiln alkalies, or with baryta water, splits up into cholic acid and 
glycin, or amido-acetic acid, 'fhiis: C,. Il„ NO^ + H,0 = C,^ H„ 
+ C, Hj NO,. Glycocholic acid + water = cholic acid + glycin, ana 
under similar circumstances Taurocholtc acid splits up into cholic acid 
and taurin:— C,. H 0, N.SO, + H,0 = C,. H„ 0. + C, H, NSO., or 
am ido-iseth ionic. Taurocholic acid -|- water = cholic acid and taurin. 
Glycin occurs also in hippnric acid. It can be prepared from gelatin by 
the action of acids or alkalies; it can also be obtiuucd from hippunc acid. 
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^j'^i>^, I C H Ol 

Leucin, or amido-caproic acid, H > N, or J-ji' ■ 




occurs normally in many organs of the body and is a product of the p 
creatic digestion of proteids. It ie present in the urine in certain diEeantl 
of the liver in which there is loss of substance, especially in acute yello* 
atrophy. It occurs in circular oily discs or crystallizes in plates, and can 
be prepared either by boiling horn ahavinga, or any of the gelatins, with 
sulphuric acid, or out of the products of pancreatic digestion. 

C. H, 0, 1 , 

Sarcosin may be considered as methyl glycin, uH, > N. Itisf 
H ) 

constitnent of kreatin, but has never been found free in tlie human body. 

Neurin (C, H„ NO), is an unstable body, which has been found in 
ox and pig's gall. 

C, H , 
Taurin, C.H.KSO.orSO, HO J- N": or amido-isethionic acid, is a e 

h) 

stituent of the bile acid, taurocholic acid, and is found also in traces in 
the muscles and lungs. — See above. 
" "" Anijn 



"4 
dj. 

in I 

es in I 

rbich 
edia ^ 

jrmil^n 



Cystin, C, H, NSO^ occurs in a rare form of urinary calcnlus, wbich 
is only formed in a urme of neutral reaction. It can be crystalliwd ia _ 
hexagonal laminie of pale yellow color, becoming greenish on e 
to tight. 

C.H.NO„orC H O J ^ 

Hippuric Acid, C,H,0 >■ N, or beuzolglycin, a nonnil 

constituent of human urine, the quantity excreted being increased by* 
vegetabTe diet, and therefore it is present in greater amount in the urine 
of herbivora. It maybe decomposed by acids into glycin and beu»iii; 
acid. It crystallizes in semi-transparent rhombic prisms, almost insoluble 
in cold water, soluble in boiling water. (See also p. 361, Vol. I.) 

Tyrosin, C, H„ NO,, is found, generally together with leucin, in 
certain glands, e.i/., pancreas and spleen; and chiefly in the prodncte of 
pancreatic digestion or of the putrefaction of proteids. It la found i~ 
the urine in some diseases of the Hver, especially acute yellow atroph] 
It crystallizes in fine needles, which collect into feathery masses. It givi 
the proteid test with Millon's reagent, and heated with strong sulphurfl 
acid, on the addition of ferric chloride gives a violet color. 

Lecithin, C„ H„ P NO., ia a phosphoretted fatty body, which 1 
been found mixed with cerebrin, and oleophosphoric acid in the bra_ 
It is also found in blood, bile and serous fluids, and in larger quantities il 
nerves, pus, yelk of egg, semen, and white blood-corpuscles. On boiliflj 
with acids it yields choUn, glycero-phosphoric acid, palmio and oleic aoidf 

Cerebrin, C H,, NO,, is found in nerves, pus-corpuscles, and in tfc 
brain. Its chemical constitution is not known. It is a light amoiphod 
powder, tasteless and odorless. Swells up like starch when boiled 
water, and is converted by acids into a saccharine substance iind ( 
bodies. The so-called Protagon is a misture of lecithin and eerebrii 



(b.) Primary Diamides ob TTreab. 

Urea, (NK,), CO, is the laat product of the oxidation of the allm- 
minoiis tisBiies of the body uiid of tlie ulbuniiDOns foods. It oi^curs us 
the chief nitrogenouB constituent of the nrine of man, and of eome other 
animula. It has been found in the blood and serous fluids, lymph, and 
in the liver. 

ProperlUs. Crystallizes in thin glittering neodles, or in prisms with 
pyramidal ends. Easily soluble in water and alcohol, insoluble in ether, 
easily decomposed by strong aci<is, readily forms compounds with acids 
and bases, of which the chief are (NH,), COHNO,, urea nitrate, and 
ps'H,),_(CO). H, C, 0. -f H, 0, urea oa^alate. 
' ComtUution. — It is usually considered to be a diamide of carbonic 

CO N H, 1 

acid which may be written H, N„ or CO N H, ^ which is CO (H0}„ 
H. ) 

I with (OH)',, replaced by (NH,)',. Some think it a monamide of carbamic 
1 acid, CO, OH, KH,. thus CO, NH, NH„ with one atom of NH,, or 
t amidogen in place of one of hydro-xyi OH. 

I "Urea is isomeric with ammonioni cyanate C > qnH ^""^ which it 

P was first artificially prepared. 

Kreatin, C, H, N, 0,, is one of the primary products of muscular 
disintegration. It is always found in the juice or muscle. It is gener- 
ally decomposed in the blood into urea and kreatinin, and seldom, nnlesa 
. under abnormal circumstances, appears as such in the urine. Treated 
with either sulphuric or hydrochlono acid, it is converted into kreatinin; 
thufl— 

C, H, N, 0, = G, H, N, + H, 0. 

Kreatinin, C, H, N,0, is present in human urine, derived from oxi- 
dation of kreatin. It does not appear to be present in muscle. 

(c) Ureides. 

Vreides are a third variety of amides, and may be considered as ureas 
in which part of the hydrogen is replaced by diatomic acid radicals. 
Monmireides contain one acid radical and one urea residue; and diureideg, 
one acid radical and two urea residues. 

Uric Acid, C H, N, 0„ occura in the urine, sparingly in human urine, 
abundantly in that of birds and reptiles, where it represents the chief, 
nitrogenous decomposition product. It occurs also in the blood, spleen, 
liver, and sometimes is the only constituent of urinary calculi. It is 
probably converted in the blood into urea and some carbon acid. It 
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generally occurs in urine in combination with baeea, forming uralet, ^ 
aud never free unless under abnormal conditions. A deposit of 
may occur when the urine is concentrated or extremely acid, or 
as during febrile disorders, the conversion of uric acid into urea is i 
pletely performed. 

Properties. — Crystallizes in many forms, of which the most common 
are smooth, transparent, rhomboid plates, diamond-shaped plates, heu- 
gonal tables, etc. Very insoluble in water, and absolately so in alcohol 
and ether. Dried with strong nitric acid in a water-bath, a compound 
is formed called alloxan, which gives a betiutiful violet red with ammo- 
nium hydrate {murezUh), and a blue color with potaesium hydrate. 1 
is easily precipitated from its solutions by the addition of a free acid. 1 
forms both acid and neutral salts with bases. The most solablo urate ; 
lithium urate. 

Composition. — Very uncertain; has been however recently product 
artificially, but it is not easily decomposed; it may be regarded as diiu^it 
of tartronic acid. The chief product of its decomposition is urea. 

Ouaiiin, C, H, N, 0, has been found in the human liver, spleen, ai 
faeces, but does not occur as a conetant product. 

Xantkiii, Oj U^ N 0,^, has been obtained from the liver, spies 
thymus, muscle, and the blood. It is found in normal nrine, and is 
constituent of certain rare urinary ctJculi. 

Hypoxanfhin, C, H, Nj 0, or sarkin, is found in juice of flesh, in tl 
spleen, thymus, and thyroid, 

Allantoin, C, H, N, 0„ found in the allantoic fluid of the fcetus, ai 
in the urine of animals for a short period after their birth. It is one 
the oxidation products of uric acid, which on oxidation gives ure-a. 

In addition to the amides and probably related to them, are ccrta 
coloring and excrementitious matters, which are also most likely distill 
decomposition compounds. 

Pigments, etc. 

Bilirubin, C,H,NO„ is the best known of the bile pigments. It is hi 
made by extracting inspissated bile or gall stones with water (whi 
dissolves the salts, etc.), then with alcohol, which takes out cholesteri 
fatty, and biliary acids. Hydrochloric acid is then lulded, which decoi 
poses the lime salt of bilirubin and removes the lime. After extracting 
with alcohol and ether, the residue is dried and finally extracted with 
chloroform. It crystallizes of a bluish-red color. It is allied in compo- 
sition to beematin. 

Biliverdin, C.H.NO^, is made by passing a current of air throi 
an alkaline solution of bilirubin, and by precipitation with hydrochli 
acid. It is a green pigment. 

Bilifuaciv, C,H NO,, is made by treating gall stones with ether, 
with dilute acid, and extracting with absolute alcohol. It is a noQ-ci 
tallizable brown pigment. 
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Siliprasin is a pigment Of a green color, wliich c^n be obtained from 
gull etoncs. 

ffitihutnin (Stoedelcr) is a dark brown earthy-looking substance, of 
which the formula is unknown. 

Urobilin occurs in bile and in urine, and ia probably identical with 
tttreobiliH, which ia found in the fjeces. 

Uroerylkrin is one of the coloring matters of the urine. It is orange 
rod, and contains iron. 

Mflanin is a durk brown or block material containing iron, occurring 
in the lungs, bronchial glands, the skin, hiiir, and choroid. 

Hamalin has been fully treated of in Chapter IV. 

Itidican is supposed to exist in the sweat and urine. It has not, how- 
flver, been satisfactorilv isolated. 

ituliffo, C H N, 0, is formed from indican, and gives rise to the 
bluish color whJcn is occasionally met with in the sweat and urine. 

Indol, 0, H, N, is found in the fteces, and is formed either by decom- 
position of indigo, or of the proteid food materials. It gives the charac- 
teristic disagre^ble smell to itecee. 

(4.) Nitrogenous Bodies of Uncertain Nature. 

Fermenla are bodies which possess the property of exciting chemical 
changes in matter with which they come in contact. They are at preaent 
divided into two classes, called (1) organized, and (i) unorganized or 
soluble. (1.) Of the organized, yeast may be taken us an example. Its 
activity depends upon tlie vitality of the yeas^ cell, and disappears as soon 
as the cell dies, neither can any substance bo obtained from the yeast 
by means of i>recipitation with alcohol or in any other way which has the 
power of exciting the ordinary change produced by yeast. 

(2.) Unorganized or soluble fervien-ts are th-jse which are found in 
secretions of glands, or are produced by chemical changes In animal or 
vegetable cells in general; wheu isolated they are colorless, tasteless, 
amorphous solids soluble in water and glycerin, and precipitated from the 
aqueous solutions by alcohol and acetate of lead. Chemically many of 
these are said to contain nitrogen. 

Mode ofarlion. — Without going into the theories of how these unor- 
ganized ferments act, it will Buflice to mention that: 

(1.) Their activity does not depend upon the actual amount of the 
ferment present. (2.) That the activity is destroyed by high tempera- 
ture, and various concentrated chemical reagents, but increased by 
moderate heat, about 40^ C and by weak solutions of either an acid or 
an alkaline fluid. (3.) The ferments themselves appear to undergo no 
change in their own comjmsition, and waste very slightly during the 
process. 

Varieties. — Tlie chief classes of unorganized ferments are: — 

(1.) Amylolytic, which possess the property of converting starch into 
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glucose. They add a molecule of water, and may be called hydrolytic. 

The probable reaction is as follows: 

3 C. U,. 0. -H 3 H„ = C H„ 0. + 0, H„ 0, = 3 C, H, 
Slurt'h Walvr Glue use Dextrin Glucoa 

This shows that there is an intermediate reaction, the starch being 
first turned only partly into glucose and principally into dextrin, which 
is afterward furtlier converted into glucose. The principal amylolytic 
ferments are Ptyulin, found in the saliva, and a ferment, probably dis- 
tinct in the pancreatic juice, called Amylopsin. These both act in an 
alkaline medium. Amylolytic ferments have been found in the blood 
and elsewhere. 

Coiirersion of starch into sugar. — With reference to the action of the 
amylolytic ferments, recent obserrationa have shown that the starch mole- 
cule is not by any means so simple as it has been represented above. As 
it is said that starchy materials, in the form of wheat and other cereals, 
and in the potato or its substitutes, form two-thirds of the total food of 
man, it is very important that we should note (1) the changes which 
occur in starch on cooking, and (2) the series of reactions it undergoes 
during its conversion by the amylolytic ferments into sugar. 

(1.) The object of this cliange is to produce gelatinous or soluble 
starch. A starch granule consists of two parts: an envelope of ceUulofe, 
which gives a blue color with iodine on addition of sulphuric acid, and of 
i/ranuhae, which is contained within it, giving a blue with iodine alone, 
Brucke states that a third body is contained in the granule, Tvliich give* 
a red with iodine, viz., err// kro-^ranu lose. On boiling, the granuloae 
swells up, bursts the envelope, and the whole granule is more or lea 
completely converted into a paste or into mucilagmous gruel. 

(3.) Changes which occur on addition of an amylolytic ferment. On 
the addition of saliva or extract of pancreas to gelatinous starch, the first 
change noticed is that the paste liquifies very quickly, hut the liquid doei 
not give the reaction for dextrin or for sugar; but soon this latter reaction 
appears, increasing very considerably and quickly, although at first, in 
addition, a reaction of erethrodextrin, a red on addition of iodine, is 
found; as the sugar increases, however, this disappears. At first the 
erythrodextrin is mi.'ted with starch, as the reaction is a reddish purple 
with iodine, then it is a pure red, and finally a yellowish brown. As tne 
sugar continues to increase the reaction with iodine disappears, but it is 
said that dextrin is still present in the form of achroo-dextrines, which 
give no reaction with iodine. However long the reaction goes on, it is 
unlikely that all the dext.rin becomes sugar. 

Next with regard to the kind of sugai' formed, it is. at first at any 
rate, not (//hcosc But maWoae, the formula for which isC,, H„ O . Maltoee 
is allied to saccharose or cane sugar more nearly than to glucose; it is 
crystalline: its solution has the property of polarizing light to a greater 
degree than solutions of glucose; is not so sweet, ana reduces copper 
sulphate less easily. It can be converted into glucose by boiling with 
dilute acids. "" 

According to Brown and Heron the reactions may be represenfd 
thus: — 
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Ojw molecule of goUtmoua starch is converted into n moleculea of 
BOlnblo starch. 

One molecule of soluble Btarch=10 (C„ H,. 0„)+8 {H 0) 
= 1 Ervthro-dextrin (giving red with iodide) Maltose. 

'9{C„H„0,.) +(C„H„0,,) 

= 2. Erythro-dextrin (giving yellow with iodine) Maltoao. 
8 (C H„C,.) + 2 (C„ H„ C„) 

= 3. Achroo-destrin Maltose. 

7 (C„ H„ 0„) + 3 (C„ H„ 0,.) 
And so on; the resultant being: — 
10 (C„ H„ 0„) + 8 (H, 0) = 8 (C„ H„ 0„) + 2 (C„ H,. 0„) 
Bolubk sturcL Woiur Atallose Achroo-dexirln. 

Pancreatic juice and intestinal juice are able to turn the athroo-dex- 
trin which remains into maltose, and maltose into glucose (dextrose). 
It is donbtful whether saliva possesses the same power. 

(2.) Pro/eo/j/iV convert proteids into peptones. The nature of their 
action ig probably hydrolytic. The proteolytic ferments of the body are 
called Pepsin, acting in an acid medium from the gastric juice. Trypsin, 
acting in an alkaline medium from the pancreatic juice. The Succne 
ent«ricus is said to contain a third such ferment. 

(3.) Inverfive, which convert cane sugar or saccfmrose into grape 
mgar or glucose. Such a ferment was found by Claude Bemanl in the 
Succus entericus; and probably exists also in the stomach mucus. 



(4.) Fervtrnis whirli art upon fats; such a body called Steapsin has 
been found in pancreatic juice. 

The ferments Amyhpsin, Trypsin, and Steapsin. are said to exist 
■epamtely in pancreatic juice, and if so, make up what was formerly called 
Pancreatin and which was said to have the functions of the three. 

(5.) Milk-airdlinii ferinenls. It has been long known that rennet, ft 
decoction of the fourth stomach of a calf, in brine, possessed the power of 
curdling milk. This power does not depend upon the acidity of the gas- 
tric juice, since the curdling wilt take place in a neutral or alkaline 
medium; neither does it depend upon the pepsin, as pure pepsin scarcely 
cnrdlefl milk at all, and the rennet which rapidly curdles milk has a very 
feeble proteolytic action. From this and other evidence it is believed 
that a distinct milk-curdling ferment exists in the stomach. W. Roberts 
lias shown that a similar but dietinct ferment exists in pancreatic extract, 
which acta best in an alkaline medium, next beet in an acid medium, 
and woret in a neutral medium. The ferment of rennet acts best in an 
acid medium, and worst in an alkaline, the reaction ceasing if the alka- 
linity be more than slight. 
Vol. 11,-22- 
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In addition to the al>ov6 ferments, many others most likely eiiat in itw 
body, of which the following are the most important: 

6. Fibrin- forming ferment (Schmidt), (see p. 69, e{ acy., VoL L] 
iound in the blooiJ, lymph and chyle. 

7. A ferment which converts glycogen into glucose in the liver: 
therefore an amylolytic ferment. 

8. Urinary fermenta. 
(A.) Organic non-nitrogenovs bodies consist of — (1.) Oils and fats. 

(S.) Amyloids. (3.) Acids. 



Palmitin 
Stearin , 
Olein . 



(1.) Oils and Fats. 



C.,H„ 0, 
f.,H,„0. 



Cholesterin .... C„n, 

Stercorin ? 

Excretin 0„H.„SO. 



Constitution. 



The Saponijiable fats are formed by the union of fatty acid radica 
with the triatoinic alcohol. Glycerin C, H, (OH),. The radicals ore 0, 
H„0, C,, H„ 0, and C,, H„ 0, respectively. Human fat consietx o(i 
mixture of palmitin, stearin, and olein, of which the two former c 
tribute three-quarters of the whole. Olein is the only li<|uid conetituenl 

General characteristics. — Insoluble in water and in cold alcohol: 
uble in hot alcohol, ether, and chloroform. Colorless and tasteless; ea 
decomposed or saponified by alkalies or superheated steam into glyee 
and the tatty acids. 

Non-Snponijiahle. — C/ioleslerin, C,, H„ O, is the only alcohol whid 
has been found in the body in a free state. It occui's in small quantitji 
in the blood and various tissues, and forms the principal constituent o 
gall-stones. It is found in dropsical fluids, especially in the contents of 
cysts, in disorganized eyes, and in plants (especially peas and beans). It 
is soluble in ether, chloroform, or benzol. It crystallizes in white feat]i«r{_ 
needles. See also under the head of the constituents of the bile, 

Excretin (Marcet), and Stercorin (Flint), are crystalline fatty bodid 
which have been isolated from the fteces. 



(2.) Amyloids. 



Amyloids. — Under this head are included both starch and sagar. ThB 
substances, like the fats, contain carbon, hydrogen, and oxygen; but ihe 
last-named element is present in much larger relative amount, the hydro- 
gen and oxygen being in the proportion to form water. 

The following varieties of these substances are found in health 
body. 



1 
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(«) Glycogen (C, H,, 0,). — This siitstance, which la identica] in com- 
position with Btarch, and like it, ia readily coriTerted into sugar by fer- 
ments, is found in many embryonic tissues and in all new formations 
where active cell-growth is proceeding. It is present also iu the pla- 
centa. After birth it is found almost exclusively in the liver and muscles. 

Glycogen is formed chiefly from the saccharine matters of the food; 
but although its nmonnt is much increased when the diet largely consists 
of starch and sugar, these are not its only source. It is still formed 
when the diet is flesh only, by the decomposition, probably, of albumin 
into glycogen and urea. 

The destination of glycogen has been considered in a former chapter. 
(Seep. 283, Vol. I.) 

(A) Qlucone or grape sugar (C, H,, 0, + H, 0) ia found in minute 
qnantitiea in the blood and liver, and occaaionally in other parts of the 
bocly. It is derived directly from the etarches and sugars in the food, or 
from the glycogen which has been formed in the body from these or other 
matters. However formed, it is in health quickly burnt off in the blood 
by union with oxygen, and thus helps in the maintenance of the body's 
temperature. Like other amyloids it is one source whence fat is derived. 

(c) Lactose or sugar of milk (C„ H,, 0,, + II, 0), is formed in large 
quantity when the mammary glands are in a condition of physiological 
activity, — human milk containing 6 or G per cent, of it. Like other 
sugars it is a valuable nutritive material, and hence is only discharged 
from the body wheu required for the maintenance of the offspring. The 
same remark is applicable to the other organic nutrient constitnents of 
the milk, albumin and saponifiable fata, which, if we except what is 
present in the secretions of the generative organs, are discharged from 
the body only under the same conditions and iu the same secretion. 

(rf) Jnofite (C,H,, 0. + 2 H, 0), a variety of sugar, identical in com- 
position with glucose, but differing in some of its properties, is found 
constantly in small amount in muscle, and occasionally in other tissues. 
Its origin and uses in the economy are, presumably, similar to those of 
glycogen. 

(e) Maltone (C,, H„ 0,,). is formed in the conversion of starch into 
glucose (see p. 336, Vol. II.). 



I Formic . 

1 Acetic . 

I Propionic 

I Butyric 

■ Valerianic 



(3.) Oroanic Acids. 
Group I. — Mo7\alomir Fatty Acids. 



. ... c no on 


Gaproic . . . 


.... 0, H, OH 


Copric . . . 
Palmitic . . . 


.... 0, II, OH 


. . . . C, H, 0» 


Stearic . . . 


. . . . C. H. OH 


Oleic . . . . 



0, H,, OH 
0. H„OOH 
C„ H„ OH 
0„ H„ OH 
0.. H.. OH 



I 
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Formic, acetic, and propionic ncids are preeent in sweat, bnt n 
in no otlier liunmn Bccretion. They have been found elsewhere i 
eiiBed conditions. Butyric acid is found in sweat. Various others of 
these acidfl have been obtained from blood, muscular juice, feces, and 



bnt normitll; ^^ 
here iu dls- ^1 



Group II. — Diatomic Fatty Acids. 

Monobasic, [ Blbuic 

Glycolio C, H, O, Oxalic C. H, 0, 

Lactic C, U, 0, Succinic C H 0. 

Leucic C, n„ O, I Sohacic C\, H,.0, 

Lactic acid existB in a free state in muscular plasma, and is increa£etl 
in quantity by muscular contraction, is never contained in healthy blood. 
and when present in abnormal amount seems to produce rheumatism. 

Oxalates are present in the urine in certain diseases, and after drink- 1 
ing certain carbonated beverages, a.nd after eating rhubarb, etc. 

Aromatic Series. 

Benzoic C, H, O 

Phenol C, H. 

Benzoic acid is always found in the urine of herbivora, and can be -1 

obtained from stale human urine. It does not exist free elsewhere. 

Phenol. — Phenyl alcohol or carbolic acid exists in minute quantity in I 
human urine. It is an alcohol of the aromatic series. 



2. Inorganic pRisciPtEa. 

The inorganic proximate principles of the human body are numerous. 1 
They are derived, for the most part, directly from food and drink, and J 
pass through the system unaltered. Some are, however, decomposed an 1 
their way, as chloride of sodium, of which only four-fifths of the quantity f 
ingested are excreted in the same form; and some are newly formed I 
within the body, — as for example, a part of the sulphates and carbonates, * 
and some of the water. 

Much of the inorganic saline matter found in the body is a n 
constituent of its structure, — as necessary in its way as albumin or any 
other organic principle; another part is important in regulating or modify- 
ing various physical processes, as absorption, solution, and the like; while 
a part must be reckoned only as matter, which is, so to speak, accident- 
ally present, whether derived from the food or the tissues, and \ ' 
will, at the first opportunity, bo excreted from the body. 

Gases. — The gaseous matters found in the body are Oxygen, . 



i 
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jfe», Jfitrogen, Carbureited and Siilphurelted hydrogen, and Cnrbnnic 
acid. The first three have becu referred to (p. 335, Vol. II.). Cor- 
buretted uud sulphuretted hydrogen are fonnd in the intestinal canal. 
Carbonic acid is present in the blood and other fluids, and ia excreted in 
large quantities by the lungs, and in yery minute amount by the skin. 
It will be specially considered In the chapter on Respiration. 

Water, the most abundant of the proximate principles, forms a large 
proportion, — more than two-thirds of the weight of the whole body. Ita 
relative amount in some of the principid solids and fluids of the body is 
shown in the following table (quoted by Dalton, from Robin and Ver- 
deil's table, compiled from varioas authors): — 

QCANTITY OF WaTER IN 1000 pARTS. 



Teeth 100 

IfeMies 130 

Cartilage 550 

Muscles 75(1 

Ligament * . >ti!it 

Brain ?8!i 

Blood 7115 

Synovia SOS 



Bile 880 

Milk 887 

Pancreatic juice HOO 

Urine ft;J6 

Lymph 9fiO 

Gastric juice 975 

I'erspiration SSfi 

Haliva 99.5 



Uses of the Water of the Body.— The importance of water as a 
constituent of the animal body may be assumed from the pret:eding table, 
and is shown in a still more striking manner by its withdrawal. If any 
tissue — aa muscle, cartilage, or tendon — be subjected to heat sufficient to 
drive off the greater part of its water, all its characteristic physical prop- 
erties are destroyed; and what was previously soft, elastic, and flexible, 
becomes hard and brittle, and homy, so as to be scarcely recognizable. 

In all the fluids of the body — blood, lymph, etc., water acts the part 
of a general .solvent, and by its means alone circulation of nutrient matter 
is poesiblo. It is the medium also in which all fluid and solid aliments are 
4inolved before absorption, as well as the means by which all, except 
W |[MeoD8, excretory products are removed. All the various proc««ses of 
r Hcretion, transudation, and nutrition^ dei>end of necessity on its presence 
r for their performance. 

[ Source. — The greater part, by far, of the water present in the body 

' ia taken into it as such from without, in the food and dnnk. A small 

amount, however, is the result of the chemical union of hydrogen with 

oxygen in the blood and tissues. The total amount taken into the body 

every day is about -IJ lbs.; while an uncertain quantity (perhaps ^ to 

j lb.) is formed by chemical action within it, (Dalton.) 

I Loss. — The loss of water from the body is intimately connected with 

I excretion from the lungs, skin, and kidneys, and, to a leas extent, from 
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the nlimcittary canal. The loss from these various orgaoa may be thus 
apportioned (quoted by Daltou from various observers). 



From the Alimentary Canal (teces) 
" Lungs .... 
" Skill (perspiration) 

Kidneys (urine) .... 



100 

Sodium and Potassium Chlorides are present in nearly all parts 
of the body. The former seems to l>e especially tiecessary, judging from 
the instinctive craving for it on the part of animals in whose food it is 
deficient, and from the diseased condition which is consequent on its with- 
drawal. In the blood, th» quantity of chloride of sodium is greater than 
that of all its other saline ingredientB taken together. In the maacles, 
on the other hand, the quantity of chloride of sodium is less than that of 
the chloride of potiiBsium. 

Calcium Fluoride, in minute amount, is present in the bones and 
teeth, and traces have been found in the blood and some other lluids. 

Calcium, Potassium, Sodium, and Magnesium Phosphates 
are found In nearly every tissue and fluid. In some tisanes — the bones 
and teeth — the phosphate of calcium exists in very large amount, and ifl 
the principal source of that hardness of texture on which the proper per- 
formance of their functions so much depends. The phosphate of calcium 
is intimately incorporated with the organic basis or matrix, but it can 
be removed by acids without destroring tlie general shape of the bone; 
and, after the removal of its inorganic salts, a bone is left eoft, tough, 
and flexible. 

Potassium and sodium phosphates with the carbonates, maintain thi. 
alkalinity of the blood. 

Calcium Carbonate occurs in bones and teeth, but in qiuch smaller 
quantity than the phosphate. It is found also in some other parts. Tha ' 
small concretions of the internal ear (otoliths) are composed of crystalline 
carbonate of calcium, and form the only example of inorganic cryetallinB 
matter existing as such in the body. 

Potassium and Sodium Carbonates arc found in the blood, and 
Borne other fluids and tissues. 

Potassium, Sodium, and Calcium Sulphates are met with in, 
small amount in most of the solids and fluids. 

Silicon. — A very minute quantity of silica exists in the urine, and in 
the blood. Traces of it have been found also in bones, hair, and some other 
parts. 

Iron. — The especial place of iron is in htemoglobin, the coloring- 
matter of the blood, of which u further account has been given with tha 
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chemistry of the hlood. Peroxide of iron is found, in very small quanti- 
tiesy in the ashes of bones, muscles, and many tissues, and in lymph and 
chyle, albumin of serum, iSibrin, bile, and other fluids; and a salt of iron, 
probably a phosphate, exists in the hair, black pigment, and other deeply 
colored epithelial or homy substances. 

Aluminium, Manganese, Copper, and Lead. — It seems most 
likely that in the human body, copper^ munganesium, aluminium and 
lead are merely accidental elements, which, being taken in minute quan- 
tities with the food, and not excreted at oixce with the fsBces, are absorbed 
and deposited in some tissue or organ, of which, however, they form no 
necessary part. In the same manner, arsenic, being absorbed, may be 
deposited in the liver and other parts. 



i 
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1 


1 MEA8UnE9 OF WEIGHT {Aanrdupait). 


m {Arerages.) 




Recent Skeleton . . 21 8 


Liver .... 3 


8 


Muflclea and Tendons . 77 8 


Lungs (both) ... 2 


in 


Skin and Subcutaneous 


(Esophagus . . . - 
Ovaries (both) . . i to - 


1} 


tissue . . . . 16 5 


1 


Blood . . . U to 14 - 


Pancreas . . . - 


3 




Cerebrum . . 2 12 


Salivary Glands " (both 
sides) . . . H to - 




Brain 


Cerebellum. . - 5^ 


2 


Pons and Medulla 


Stomach . . . . - 


7 




oblongata . . - 1 


Spinal Cord, divested of its 






nerves and membranes . 


li 


Encephalon . 3 2i 


Spleen . . . . - 




Eyes .... - i 
Heart . . . - 10 


Suprarenal Capsules (both). 




*to- 


i 


Intestines, small . . 1 llj 


Testicles (both) . IJ to - 


2 


large . .11 
Kidneys (both) . . - lOJ 


Th}Toid ixKly and remains 




of Thymus gland . 
Tongue and ifyoid bone . 


i 


Larynx, Trachea, and larger 


a 


Bronchi . . . - 


Uterus (virgin) . t *» 


i 


ME.\SUBE8 OF LENGTH (Arerage). 






ft. 




Appendix Termifonnis 3 to - 


Ligament of ovary . . - 


u 


Bronchus, right . . _ u 
left . . . - 21 


Meatus auditorius eiterniiH - 


u 


Medulla oblongata . . - 


1 


Ci^cum .... - 21 


(Esophagus , . . - 


10 


Duct, common bile . . - 3 






" " ejacnlatory. 


Pharynx . . . . - 


4J 


i to - 1 


Kectum . . . . - 


8 


" of Cowper'a gland . - 14 


Spinal cord ... 1 
Tnbulua seminiferns . . 2 


5 


" hepatic . . - 2 


3 


■' naltti 


■ - -i 


Urethra, male . . . - 


8 


'* parotid 


. - 2i 


" female . , - 


li 


" anb-mflsilkry 


. - 2 


Ureter .... 1 


4 


Epididymis 


■ - H 


Vagina . . 4 to - 


fi 


'■ unraveled 


. 20 - 


Vas deferens . . .2 




Eustachian tube 


■ - H 


Vesicula seminalis 


2 


. Fallopian tube . 


■ - H 


" " unraveled, 




1 Intestine, large . 


5toB - 


4 to - 


n 


t " small . 


. 20 - 


Vocal cord . . . - 


-i 


L~ 




A 
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SIZES OF VARIOUS HISTOLOGICAL ELEMENTS AND TISSUES. 



Average nte infraction* of an inch. 



Air-cells, ijV ^^ ^V* 
Blood-cells (red), j-^ (breadth). 
" " jTriinr (^l^ickness). 

" (colorless), ^hj- 
Canaliculus of bone, t^jW (width). 
Capillary blood-vessels, j^^ Q^^g) 

^ pW (bone). 
Cartilage-cells (nuclei of), ttjVt* 
Chyle-molecules, y^+inr* 
Cilia, -jAtj- to g^ (length). 
Cones of retina (at yellow spot), 

Twhr^ ^ TjhnF (width). 
Connective-tissue fibrils, jjrhriF *^ 

Triinr (width). 
Dentine- tubules, j-jVir (width). 
Enamel-fibres, ygVir (width). 
End-bulbs, j^. 
Epithelium 

columnar (intestine), y^if 
(length). 

spheroidal (hepatic), f^jVj- to ■^. 

squamous (peritoneum) i^l^^ 
(width). 

squamous (mouth), -^^ (width), 
(skin), sil (width). 
Elastic (yel.) fibres, y^^^nr ^o ^^ 

(wide). 
Fat-cells, yf^ to yf^. 
Germinal vesicle, -^jp^. 

spot, stjYo"' 

Glands 

gastric, ^ to ^V (length). 
nh to ^h (width). 
Lieberkuhn's (small intestines), 

7hr to Tiij (length). 
Lieberkulms (small intestine), 

-^ (width). 
PeyePs (follicles), g^ to -j^. 
Sweat, -^ (width). 

** in axilla, ^ to | (width). 
Haversian canals, j-^ to -^ 
(width). 



Lacunae (bone), yA^r (length). 
" Wnr (width). 
Macula lutea, J>^. 
Malpighian bodies (kidney), jr^. 

corpuscles (spleen), ^ 
to A. 
Muscle (striated), j^^ to ^ 

(width). 
Muscle-cell (plain), ^ to ^^ 

len^h). 
Muscle-cell (plain), j^ to j^ 

(width). 
Nerve-corpuscles (brain), ^j^ to 

Nerve-fibres (medullated) Tthnf to 

^,TV(nr (width). 

Nerve-fibres (non-medullated) -g^ 

to btjW (width). 
Ovum, yfo^. 

Pacinian bodies, iV to ^ (length). 
" iV to A (width). 
Papillae of skin (palm), ^^ to yj^ 

(length). 
*' (face), ^ to -j^. 
tongue (circumvallate), ^ 

to -X (width). 
" (fungiform), ^ to |», 

(width). 
'' rfiliform), tt (length). 
Pigment-cells of choroid (hexa- 
gonal), y^. 
Pigment-granules, y^rfjnr- 
Spermatozoon, ^^ to -^ (length). 

head, y^^^ - 
" Ti*nj (width). 
Touch-corpuscle, ^^ (length). 
Tubuli seminiferi, jfu- to yj^^ 

(width). 
Tubuli uriniferi, -^fj-. 
Villi, V(r to i (length). 
" rhr to V^ (width). 



n 





m 


■ 


■ 


■ 


1 


^H 
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BPECinC GRAVITY OP VARIOUS 


FLUIDS 


AND TISSUES. | 




(ira(rr = 


I'OOO.) 






■ 


Adi)>oee tiaaue . 


. 0-932 


Liver 








1.055 ■ 


Bile. . . . 


. 1 -oao 


Lymph 






1 -020 ■ 


Blood 


. 1 -055 


Lungs 






■ 


*' corpuflcles (red) 


. 1 -088 


when fully 


iistended 




0126 ■ 


Body (entire) . 


. 1 -065 


ordinary condition. 


post 


■ 


Bone . . 1-87C 


to 1-970 


mortem 


0-345 to 0.746 ^ 


Bruin 


. 1 -036 


when deprived of ai 




1 056 ■ 


" S™y matter 


. 1 -034 


Muscle 






1-020 ■ 


" white 


. 1'040 


Milk 








1 -030 ■ 


Cftrtil^e . 


. 1-150 


Pancreatic juice . 




1-012 ■ 


Cerebro-Bpinal fluid . 


. 1 006 


Saliva 








1 -ooi; ■ 


Chyle. . 


. 1-024 


Serum 






1-026 ■ 


Gastric juice . 


. 1-002.^ 


Splee 








i.oiio ■ 


Intestinal juice . 


. 1.011 


Sweat 








1-004 ■ 


Kidney . 


. 1 -052 


Uriue 








1-020 ■ 


Liquor amnii . 


. 1-008 










1 


TABLE SHOWING THE 


PERCENT 


AGE COMPOSITION OF VARIOUS | 


ABTIC 


LE8 OP P 


OOD. 


(LKTHHSr.) 




■ 




Waier. Alb 


umin. 


Starch. 


Sugar. 


Pal. Salts. ■ 


Bread . . . 


37 


■1 


47-4 


3-fi 


1-6 2-3 ■ 


Oatmeal . 


15 1 


■6 


58-4 


5-4 


5-G 3- ■ 


Indian com meal 


U 1 


■1 


64-7 


0-4 


8- 


1-7 ■ 


Rice 


13 


■3 


79-1 


0-4 


0-7 0-5 ■ 


Arrowroot 


18 


— 


82- 


— 


— 


^H 


' Potatoes . 


76 


■1 


18-8 


3-2 


0-2- 0-7 ■ 


\ Carrots . 


83 


■3 


8-4 


C-1 


0-2 10 ■ 


Tumipa . 


01 


■2 


5-1 


2-1 


— 


0-6 ■ 


Snirar . 


5 


— 


— 


95-0 


— 


■ 


Treacle . 


23 


— 


— 


77-0 


— 


■ 


Milk 


80 


11 


— 


5-2 


3-9 0-8 ■ 


Cream . 


66 


■7 


— 


2-8 


26-7 1-8 ■ 


Cheddar cheese 


3fi 2 


■i 


— 


— 


31- 


4-5 ■ 


Lean beef 


n 1 


■3 


— 


— 


3- 


5-1 ■ 


Fatbeef . 


fii 1 


1-8 





— 


29-8 4-4 ■ 


Lean matton . 


72 1 


•3 





— 


4-9 4-8 ■ 


Fat mutton 


53 1 


i-4 


— 


— 


31- 


3-5 ^M 


' Veal 


C3 1 


■5 


— 


— 


15-8 4-7 ■ 


Fat pork . 
Ponltrv . 


30 


}-8 


— 


— 


48-9 2-3 ■ 


74 2 


■0 





— 


3-8 1-2 ■ 


White'fish 


78 1 


M 







2-9 1-0 ■ 


EcIh ... 


7S 


J -9 


— 


— 


13-8 1-3 ■ 


Salmon . 


77 1 


Jl 


— 


— 


5-5 1-4 ■ 


White of epg . 


78 2 


3-4 





— 




1-6 ■ 


Ydkofpfrg . 


52 1 


li-0 


— 


— 


30-7 1-3 ■ 


Butter and Fat 


15 








— 


83-0 2-0 ■ 


t^' 


91 


>1 




8-7 




0-2 ^ 

-iM 
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Mammalia 
Primates 



CLASSIFICATION OF THE ANIMAL KINGDOM. 

Vertebrata. 

Typical Examples, 
. Man. 
. Ape, baboon. 
. Bat, flying fox. 
. Mole, nedgehog. 
. Lion, dog, bear, seal. 
. Elephant. 
. Hyrax 



Chiroptera 

Insectivora 

Camivora 

Proboscidea 

Hyracoidea . 

Unffulata: 
Perissodadyla 
Artiodadyia 



Sirenia 
Getacea 
Bodentia « 

Edentata 

Marsupiata . 

Monotremata 



Birds 

Carinat^ 

Raptores {Birds of Prey) 
Scansores iClimhiiig Birds) . 
Passeres {Perching Birds) . 
Rasores (Scratching Birds) . 
Grallatores CWadi?ig Birds) . 
Natatores {Swimming Birds) 

RATITiE 

Cursores {Running Birds) . 

Reptiles 
Crocodilia 
Lacertilia 

Chelonia 
Ophidia 

Amphibia 
Anura 
Urodela 

Fish 
Dipnoi 
Teleostei 
Piacoidei 
Ganoidei 
Cyclostomi 
Leptocardii 



Tapir, rhinoceros, horse. 

Hippopotamus, pig, camel, cheyrotain, 
deer, ox, sheep, goat, giraffe. 

Dugong, manatee. 

Whale, porpoise, narwhal. 

Hare, porcupine, guinea pig, rat, beaver, 
squirrel, dormouse. 

Armadillo, pangolin, true anteater, 
Gape anteater, sloth. 

Opossum, bandicoot, Thylacinus, pha- 
lan^er, wombat, kangaroo. 

Omithorhynchus, or duck-billed platy- 
pus. Echidna or spiny anteater. 



Vulture, hawk, owl. 
Woodpecker, parrot. 
Crow, finch, swallow. 
Fowl, pheasant, grouse. 
Heron, stork, snipe, crane. 
Penguin, duck, pelican, gull. 

Ostrich, emeu, apteryx. 

• Crocodile, alligator, 
Iguana, chameleon, gecko, lizard, slow- 
worm, flying dragon. 
Tortoise, turtle 
Snake, viper. 

Frog, toad. 
Newt, salamander. 

Lepidosiren. 

Perch, mackerel, cod, herring. 

Shark, ray. 

Sturgeon, bony pike. 

Lamprey, hag. 

Amphioxus lanceolatus. 
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CLASSIFICATION OF THE ANIMAL KINGDOM. 



Invertebrata. 



MOLLUSCA 

Cephalopoda 

Pteropoda . 

Gasteropoda: 
Pulmonigasteropoda 
Branchiogasteropoda 

Lamellibranchiata 
Brachiopoda 

Tunicata^ or Ascidioidea 

Bryozoa or Polyzoa 

Arthropod A 
Insecta 



Arachnida • 
Myriopoda . 
Crustacea . 






Typical Examples. 
Octopus^ argonaut, squid, cuttle-fish, 

nautilus. 
Clio, Cleodora. 

Snail, slug. 

Whelk, limpet, periwinkle. 

Oyster, mussel, cockle. 

Terebratula, Lingula. 

Salpa, Pyrosoma. 

Sea mat. 



Beetle, bee, ant, locust, grasshopper, 
cockroach, earwig, moth, butterfly, 
fly, flea, bug. 

Scorpion, spider, mite. 

Centipede, millipede. 

Crab, lobster, crayfish, prawn, barnacle. 



Annulata • 
Scolecida 

Echinodermata • 

C(ELENTERATA 

Ctenophora . 
Anthozoa . 
Hvdrozoa . 

Spongida . 



Sea-mouse, leech, earthworm. 
Hair-worm, thread-worm, round-worm, 

fiuke, tape-worm, guinea-worm. 
Sea-cucumoer, sea-urchin, star-fish, 

sand-star, feather-star. 

Beroe. 

Sea anemone, coral, sea-pen. 

Hydra, Sertularia, Velella, Portuguese 

man-of-war. 
Sponges. 



Protozoa 

Rhizopoda . 
Infusoria 



Foraminifera, Amoeba. 
Paramoecium, Vorticella. 



w^ 


IB 


r ~^^H 


1 Aboouhtal rnusclee. action of in respl- 




1 ralion, i, lif! 


ibrough, ii, 186 


1 Aberration, 


in tympanum, for hwirioe. il. 1S8 
undulations of. conducted by external 


1 chromBtlc. ii. 213 


1 npbcrical, 11, 'JtB 


cur, ii, 186 




Air-rellB, 1, 180 




Air-lubes, 1. 177. Sec Bronchi. 


Ab8orpllon, 1. 381 


Alanines, U, 831 


by blood-ve*«lp, 1, 305 


Albino-rabbllB, i, 21 


bj lacteal vcBsel-t. 1. 303 


Albumin, Ii. 827 


by )yrophttlif». 1. 803 


acid, 1. 247 


action of gRKtric fluid on, 1, 247 
alkali, if, 327. 328 


by Ibe skin, i. 340 


oxygen br lungs, I. IBS 
process of oamoslB, 1, 306 


ciiaracterit of, ii, 328 


chemical composition of, 11, SB? 


rapidity of. i. 806. Ste Chylo. Lymph, 


derived, ii, 328 


Lyraphullw. Lacttols. 


egg, ii, 3S8 


Accewory nerve, fi. 149 


native, U, 828 


Accidental ek-menlH In human body, il, 


serum, i, 85: ii, 837 


880 ^ 


tlsauis and xccrctlou in which it ex- 


AccommodalfoQ of eye, ii, 206 
Acirix. orKuiJc.fi, 3^ 
welic. fl, 83fl 


UtB, ii, 827 


of blood, i, 88 




AcidaJbumin. i, 347; il, 846 


Albuminose, 11.329 


Adnl of secreting gluuda, i, 323 
Actinic rayii. Ii, XU 


absorption of. 1. 285 


Addbon'sdlRoue, ii, 10 


action of gastric fluid on. i, 847 


AdenoidUfflue, i, 34 


of liver on. 1,280 


Adipo«e li».uo. 1. 30. ^Fat. 


of iNuicn^s on. i. 366 


devciopmcQt. i, 86 


Alcoholic drinks, effect on resplniiory 


(ItiMtlonR of, i, 36 


changes. 1, 194 


rtnictu«of,i,86 


Alimentary canal, 1, 234 


Adrenati, 11. 8 


development of. Ii, 294 


Aftw-birth, it. 370 


iiinglh in different animals. 1, 284 


Afler-KnMlions, 


Altantoin, ii, S34 


lane. ii. 174 


Allfuitois. ii. «I2. 263 


touch. Ii, 168 


Alloxan, ii. 8)14 


vlaion, ii. 216 


Aluminium, il, 843 


Aggrepitc Klnnds, i. 828 


Ami<^ acids, ii, 831 


Amides, ti. 330 




cyanate,' of, identical with urea. 1. 359: 


brealhiag. i, 18B 


il, 833 




exhaled from IUD(p. 1, IMI 


Kserve, i, 189 


urate of, 1. 360 


r«eidual, i. IBS 


Amnion, «. 282 


tidal, i, 189 


fluid of, 11. 263 




Ama-ba. i. 7 


quonlity breMlial. i, 189 


Am<pboid movemcnU, 1, B; U, 218 
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Amoeboid cells, i, 29 

colorless corpuscles, i, 80 

cornea-cells, i, 29 

ovum, ii, 258- 

protoplasm, i, 7 

Tradescantia, i, 7 
Ampbioxus, ii, 271 
Ampulla, ii, 182 

Amputation, sensations after, ii, 82 
Amyloids or Starches, ii, 888 

action of pancreas and intestinal glands, 
i, 267, 288 
of saliva on, i, 281 
Amylopsin, i, 267 
Anacrotic wave, i, 146 
Anastomoses of muscular fibres of heart, 
i, 107 

of nerves, ii, 78 

of veins, i, 161 

in erectile tissues, i, 169 
Anelectrotonus, ii, 47 
Angle, optical, ii, 221 
An^ulus opticus seu visorius, ii, 220 
Anmial heat, i, 809. See Heat and Tem- 
perature. 
Animals, distinctive characters, i, 8 
Antialbumate, ii, 829 
Antiulbumose, ii, 829 
Antihelix, ii, 179 
Antipeptone, ii. 829 
Antitragus, ii, 179 
Anus, i. 224 
Aorta, i, 128 

development, 281 

pressure of blood in, i, 151 

valves of, i, 110 
aetion of, i, 114 
Aphasia, ii. 180 
Apna?a, i, 209. See Asphyxia. 
Appendices epiploica;, i, 262 
Appendi.x vermiformis, i, 262 
Aquteductus, 

cochleie, ii, 183 

vestibuli, ii, 182 
Aqueous humor, ii, 204 
Arches, visceral, ii, 278 
Area genninativa, ii, 256 

opaca, ii, 256 

pellucida, li, 256 

vasculosji, ii, 262 
Areolar tissue, i, 81. See Connective 

Tissue. 
Arsenic, ii. 843 
Arterial t<}usion, i, 148 
Arteries, i, 128 

circulation in, i, 138 
velocity of, i, 164 

distribution, i, 128 

muscular contraction of, i, 141 

effect of cold on, i, 142 
of division, i, 142 

elasticity, i, 138 
purposes of, i, 188 

muscularity, i, 130 

governed by nervous system, I, 158 



Arteries, purposes of, i, 141 

nerves of, i, 182 

nervous system, influence of, i, 1S2 

office of, 1, 158 

pressure of blood in, i, 148 

pulse, i, 142. See Pulse. 

rhythmic contraction, i, 140 

structure, i, 129 
distinctions in large and small arte- 
ries, i, 180 

systemic, i, 102 

tone of, i, 158 

umbilical, 798 

velocity of blood in, i, 264 
Articulate sounds, classification of, ii, 60. 

Se^ Vowels and Consonants. 
Arytenoid cartilages, ii, 52 

effect of approximation, ii, 55 
movements of, ii, 54 

muscle, ii, 52 
Asphyxia, i, 209 

causes of death in, i, 210 

experiments on, i, 211 
Astigmatism, ii, 212 
Atmospheric air, i, 192. See Air. 

pressure in relation to respiration, i, 
198 
Auditory canal, ii, 179 

function, ii, 186 
Auditory nerve, ii, 185 

distribution, ii, 185 

effects of irritation of, ii, 198 
Auricle of ear, ii, 179 
Auricles of heart, i, 104, 106 

action, i. 111 

capacity, i, 107 

development, ii. 279 

dilatation, i, 128 

force of contraction, i, 128 
Automatic action, ii, 88 

cerebrum, ii, 127 

medulla oblongata, ii, 110 

respiratory, ii, 110 
Axis-cylinder of nerve-fibre, ii, 70 



B. 



Barytone voice, ii, 57 
Basement-membrane, 

of mucous membranes, i, 823 

of secreting membranes, i, 819 
I^ass voice, ii, 57 
Hattery, Daniell's. ii, 26 
Benzoic acid, i, 372 
Bicuspid valve, i, 109 
Bile, 1, 273 

antiseptic power, i, 279 

coloring matter, i, 274 

composition of, i, 278 

digestive properties, i, 279 

excrementitious. i, 277 

fat made capable of absorption by, i, 
279 
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Bile, functiona In digeetlon, 1, 279 


Blood, saline cinstiluenls. i, 80 


mitture with chyme, i, 379 


uses of, i, m 


muiusin. i, 375 


serum of. i, 8.5 


nalurel purKftiivu, 1. 279 


compared wilb secretion of serous 


process o[ secrelion of. i, 276 


membrane, i. 830 




speclllc gravity. 1. 68 
Bplcnic. 1. 88 


salts, i, 378 




secretion and flow, i. 276 


temperature, 1, B3 


aecreiioQ Id fictus. 1, 377 


usee, i, S9 


tesis for. 1. 274. 276 


of various consUtuenls. i. 99 


UMs. i. 277 


variations of, in different circum- 


BilffulviQ. BiliprMin, Bilirubin. Biliver- 


stances, i. 88 


din. 1, 874 


in different parts of body, i, 87 


Bilin. t. 373 


Blood corpusclM, red, i, 75 


nreparntion of, 1, 373 
re-a^oorption of. i. 265. SSO 


action of rcafcents on, {, 70 




Bioplasm, i, 6. See Proioplaflm. 


development, i. 96. 97 


Binh. i, 1 


disinteEfation and removal, 1, W 


BladtItT, urinary, i, 3JB. Set Urinary 


method of counlinK, 1, 81 


BUddw. 


rouleaus. 76 J^^^H 




sinldng of. I, 66 ^^^^H 


BlMlodermic membrane, il. 354 


specific gravity, i, 70 ^^^^^H 
stroma, i. ^^^^^H 


Bleeding, efteels of, on blood, i. 87 


Blind spot, ii, 215 

.BiiKKi, r«8 


tendency to adhere, i, 75 ^^" 


uses. i. 100 


' albumin, i. S5 


varieties, i. 75 


use of, i, 99 


veriebrate. various, I, 76 


arieriul Hnd venous, 1, 87 


Blood-corpuscles, while, i, 79 


ossimilaiion. i, 99 


amieboia movements of. i. 80 


bulTy coax. i. 6fl 


derivation of, i, 99 


chemical composilion, 1, 62 


formation of, in spleen, i, 99; ii, 4 


coagulation, i, 85 


locomotion. 1,80 


color, i, 68, 87 


Blood-crystals, i. Ul 


cbaniiwd by reeplration, 1, 198 


Blood-pt^sBure. 1. 148 


coloring matter, i. m. 90 




colorinR matier, relation to that of 


155 


biic. i. 275 


variations, i. 152 






vsrtalionsin, i, 87 


absorption br, 1, 305 


corpuscles or cells of, i, 74. See Blood 




corpuscles. 


difference from lymphatic alisorp- 


red. i, 78 


tion. i, 805 


white, 1, 79 


osmotic cbtuwier of, i, 306 


crystals, 1, 91 
rupjicd clot, i. 66 


rspldity of. 1. 806 
development, ii. 277 




lofluenco of nervous system on, i, 153 


ejiractivc matters, i, 80 


roUtion lo secretion, i, 826 


fatly matters, i. 89 


Bone, i, 42 


use of. i. 99 


canalicult, i. 44 


flbriu, 1, 65, 84 






chemical composilion, i, 42 


' use of, 1. W 


compact, i. 43 _^^^H 
development, i, 46 ^^^^^^H 


formslion in liver, i. 92 


in spleen, ii. 4 




ntaea of. 1, 88 

Ecmoglobin or cruorin, i, 83, 91 


< Raverstan canals, 1, 4S ^^^^H 


lacunas, I. 44 ^^^^H 


hcpaUc. 1. 87 


iamellte, 46 ^^^^H 


menstrual, ii, 342 


me<lu1Iarv canal, 1, 43 ^^^^H 


odor or hatitUB of, 1, 63 


periosteum. 43 H^^H 


portftl. ebaraeters of. i. 87 


structure, i. 43 ^^^H 


puriflcatloti of, by liver, i, 877 


growth, i, 54 ^^H 


quanlily. i, 68 


Brain. .Sm Cerelwllum. Cerebrum, Pona. ^ 


reaction, i, SU 


■ 


relation of. In lympb, i, 303 


adult, ii, ISM ^ 


Vol.. II.-30. 


m 
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Brain, amphibia, ii. l:!5 


Capillaries. coiitracTlon of. i, 161 
developmeni. ii. 2TT 


awa. ii. 126 
birds, ii. 126 


diameter of, i. 133 


copillaries ot. i. 185. 167 


inHuenceof on circulation, i, 101 


cliild, ii, Vie 


lynipliatic. 1. 393 


(^ircuktiou of blood in, i, 167 


networlcof. i. 134 




number, i. 135 


development, ii, 288 


pussHgeof corpuscles through rrHr 


female, il. 136 


1, 159 


flsb. ii, laS 


rcjii-itance lo flow of blood in. i. ISft 


gorilla, ii, 120 
rdiola, ii, 138 


still layer in. 1. 15H 


structure of, i. 133 


lobes, ii. 132 


of lungs, i. 134 


mule. 11. 130 


of stomach, i. 244 




Capric acid. 11. 839 


oranK. ii, 137 


Caproicndd. ii. 339 


proportion of water in, Ii, 841 


Capsule of GlisMOn. 1,268 


qujimity of Hood in, i, 167, et seq. 
rabbit, ii. lao 


Capsules. Mnlpighlan. i. 34H. 853, 


Carbonic iidd in nlmospliere, i, 109 


reptiles, ii, 136 


in blood. 1, 8H 


weighl, ii, 136 
relative; ii. 126 


effect ot. 1, WM 


exhaled from skin. i. 345 


Brcalliing, i. 173. See ReBpiration. 
Breatfaing-uir. i. 189 


increase of In breathed air, 1, 193 


in lungH, i. 197 




in relation to heat of body, i, 3U 


i,'l77 


Carbonalea, ii, 843 


Bronchial arteries and veinB, i. 182 


Cardiac orifice of stomach, Rctlon d 


Brciwniim movement. 1. 7 
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Brunner'H glands, i, 257 


sphincter of, i, 351 


BufTv coal, formation of, i, 66 


relaxation in vomiting, i, 351 


BiilbuB arlerioauB, ii. 281 


Cardiac revolution, i, 117 


Burdiicb 'a column, 11,96 


Cardiograph, 1, 119 


BuTBic mucosa!, i, 830 


Carnivorous anlmal». food of. {, 231 




genseof smell in, 11.178 




Cartilage, 1, 38 


0. 


articular. 1. 88 




cellular. 1, 40 


Cwcum. 1. 361 


chondrio ot>lained from, ii, 330 




classification, i. 88 


i.51 ' 


development, i, 43 


Caklum. ii. 843 


eloBlic, 1. 40 


fluoride, ii. 343 


fibrous, 1, 41. Su Fibro^artllue. 


phoBuIiate, ii, 842 


hyaline. 1,38 


CHrbonsle, il. 843 


matrix, i. 39 


Calculi, biliary, cont^lng cholesterin. 


ossilit'jition, i, SI 


11.388 


peridioudrium of, i, 53 


containing copper, 1. 376 
Oalycca of tbe kidney, i. 347 


structure, i. 88 


tempomi'v, 1, 40 


Canal, alimentary, i, 324. See Stomach, 


uses. i. 43 


Intestine, etc. 


varieties, i. 38 


esternal auditory, ii, 179 


Carlilaite of external ear. used in tu 


function of, II. 186 


ing, ii. 186 


splral.ofcochlea. ii, 185 


Cardhiges of larynx, ii, 52 
Casein, ii. 837. S». Set Milk. 


Canallculi of bone, i, 44 


Canalis membranaceus. ii, IBS 


Cauda equina, Ii. BO 


Cauals, Haversian, i, 46 


Caudate ganglion corpuscles, ii, 78 


porUl, i, 269 


Cause of fluidity of living blood, H, t 


semicircular, ii. 183 


Cells, I, 


function oT. ii, 191 


abrasion, i, 14 


Cancellous lextiire ot bone. I, 42 


amffiboid. i, 39 


CapBcitv of chest, vital, i, 189 


blood. 1. 74. 8f* Blood-cornuaelciL 


of heirt. i, 107 


cariilnge. 1, 38 


Capillarie.. i. 133 


chcmicnl trHnsfortnation, i. 14 


circulaCinnin. 1.158 


dliateil. i, 35 


rate of, i, 165 
1 


dasalflcalioQ, 1, 10 
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Cella. conlenls of. i. 


pharynfical, Pneumopaslrle, and 
Spinal Accessory Nerve*. 


decay and dealh. i, U 


deflnition of. i, » 


ninth, ii. 150 


epithelium, 1, 10. Sec Epithelium. 


Cerebmtlon, unconscious, il, 130 


flssioD, 1. U 


C'erebrin. ii, 833 


fonniUive. ii, 2M 


Cerobro-apinal fluid, relation to circula- 


functiouB. i. U 


tion, i, 1B8 


genunaAoo, i, 11 


Ceretoroaplnal nervous syslem, il, 88. ft 

uq. See Brain. Spinal Conl. etc. 
Cerebrum, its structure. Ii, 120. 133 


giutatorr, U, 173 
lacunar of bone, i, 44 


modes of conncclion, 1, 16 


chemical composiiion, 11. 125 


nutrition, i, 9 


convolutions of, il, 130, tl neq. 


action of. in secreiion. i, 335 


cruruof, 11,113. 


olfactorj, ii, 170 


development, il. 288 


pigment, f. 31 


dislinclive character In man. ii. 136 


reproduclion. i, 11 


effects of iojury. 11. ISM 
electrical stlmulHtion, Ii, 181 


segmentaliou, i. 12 




functions of, 11. 137 


tnui«fomi alien, 1, 14 


grey matter, ii, 123 

10 relation to speech, ii. 181 


varieties, i. 15. 16 


distinctione from animal celU. 1, 8 


lociilization of functions, ii. 129 


structure, ii. 138, rf >eq. 


CdluUr carUlsEC 1.40 


unilateral action of, Ii. 139 


Cement of teeth, i, ,% 


«-hire matter, Ii. 135 


Centres. nervoUH, i, 154. 155, etc. Sue 


Cerumen, or ear wax. 1, 889 


Nerve-centres. 


Chalk-stones, i, 300 




Ctiaracterislics of organic compound, 836 


CenlrifuKal nerv&llbres. Ii, 80 


CImrcDAl. absorption of. i, 307 


Cenlripeliil nerve-fibres, ii. BO 
• Ceretiellum. ii, 115 


Chemical composition of Ihe human 


body, il. 336-343 


f co^)rdinallnK function of, il. 118 


Chest, its capacity, i, 189 


F croae-ftciioo Of, ii, UU 


coutraclion of in expiralion, i, 359 


, effects of injury of crura, 11. lift 
of removal of, il. 118 




Chest-note«, ii, 58 


fuBctionsof. ii.llH 


Cheyn^Stokra' breathing, i, 309 


In relation losenaotlou. ii, 118 


Chlorine, 11, 843 


to motion, il, 118 


in hiunan body, ii, 848 
in urine, 1, 864 




to »Mual passion, ii, llfl 


Cholestcrin. ii, 888 


structure of. il. 118 


in bile, i, 375 


Cerebral circulation, 1. 167 


Chondnn, il, 804 


hcinUphercs. ii, 120. See Cerebrunt 


Chorda dorsalis, ii. 2.W 


Cerubral nerves, il. 130 


Chorda tymptml. i. 232. tlteq, 
Chonhetendinew. 1,110 


third, ii. 137 


effects of Irritation und injurv of. Ii, 


ucilonof. i, 113 


137 


Chorion, il. 264 


relallonof toiris. ii. 187 


villi of, 11. 305 


fourth, il. 188 


Clioroid coat of eye. Ii. 109 


fifth, ii. 189 


blood-vessels, ii, 308 


1 distribulion Of. ii, 139 


Choroidal fissure, ii. 393 


effect of division of, 11. 189 






Chyle, i. 801 


! on muscles of maslicalion. 11, 189 


absorptionof. i. 308 




analysis of, i, 303 


ft teg. 


coagulation of, 1, 802 


relation of. to nutrition, 11. 143 


compared willi lymph, 1. 801 


resembUnce to spinal nerves. 11. ISfl 




•cnsory function gf freater division of 
fifth. Ii. 139 


puBCles. 


course of, i, 381 


dxlh. ii, 143 


fibrin of. 1, 302 






thetic. li.I44 


molecular ba»e of, i, 801 


•ereolh, a. 1+4. See Auditory Nerve 


quantity found, i, 302 


■ and Fadkl Nerve. 


reUtioDof, to blood, 1,809 


L"""'"" 


i 
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Chyme. 1. 247 


Coloring mutter of urine, i. 363 J 


absorptlOD of digested pons of, I. 2S-', 


(Colors, optical plieuomcna of, il, SHH 


cliaiiges of in intesliues, i, a»5. ei leg. 


«(«.?. ^M 


CfU«, i, 3B; ii. 12 


Columnfecameie. lai ■ 


ClliBry epitbelium. i. 26 


action of, I, no ■ 


of air-passages, i. 177 


Columnur epithelium, i, 34 fl 


fuoi;tion of. i, 26 


cofora, ii. 335 ■ 


aiiary raolion, i. 36; ii, 13 


nalure of, ii. 18 


Compounds, ii. 325 ■ 


Ciliary-musclps. ii, 208 


inorganic, ii. 340 ^M 


ac'ton of in tkdaptalioD to distances, il, 


organic, ii. 825 ^^^^B 


209 


Concha, ii, 179 _^^^^H 


Ciliary proci*'«». ii. 199 
Circuklion of blood, i, 101 


use of, il, 1S6 ^^^^M 


Cones of retina. 11, 201 ^^^^| 


action of heart, i. 111 


Coni voBculoBi, ii, 347 ^^^^H 


agents concerned in, i, 170 


ConiiinctiTft, ii, 196 ^^^^H 


arteries, 1. 138 


Connective tissues, I, 38 ^H 


bmin, i, 167 


corpuscles of. i, £8 ^M 


capillaries, i. 1S8 


flbrous. i, SI ^M 


course of, i. 100, -( uf. 


gelatinous, i, 33 ^H 


discovery, i. 170 


retiform. i, 34 ^M 


erectile structures, 1. 168 


varieties, i, 82 ^M 


fatal, ii, 386 




forces acting in, i. 103 


varieties of. i, 61 ^ 


. influence of respiration on, i, 305 
pcculinrities of, in different pajU, i. 


Contralto volco. ii, 57 ^ 


Con vol II lions, cerebral, Ii. ISO. et m;. 


1«7 




portal, i, 369 


cerebellum in, ii. 118 


proofs, i, 170 


office of sympathetic ganglia in, ii. IK 


pulmonary, i. 108 


Copper, an accidental element in tbi 




body. ii. 343 
in bile, f, 376. 


in veins, i, 161 


velocity of, i, 168 
Clrcumvamite papille, ii, 169 
ClBvlculi of (Wl^rdi, i, 46 


Cord, spinal, il. 90. Sft Spinal Corf. . 
umbilical, ii, 370 




Cleft, ocular, ii, 393 


vocal. U. 52. See Vocal Cords. 


Clefts, visceral, ii, 373 


Corium, i. 336 


Clitoris, ii, 339 


Cornea, il. 197 


development of, il, 305 


action of on nya of Ugbt. U, 204 
corpuscles, ii. fflS *^ 


Cloaca, ii, 808 


Coagulation. 


nerves, ii, 198 


structure, il, 197 


of chyle. 1, 301 


after injury of fifth nerre, 11, US 




Corpora Araniii, 1, 111 


absent or retarded, i, 71 


genleulala. ii, 114 


coodllions affecting, 1, 71 


quadrigemina, ii. 114 


iufluence of respiration on, I, 198 


their function, a. 114 


theories of. i. 70 


striata, ii, 114 


of chyle. 1, 301 


their function, ii. 115 


of lymph, i. S03 
Coai.l>uffy, i. 66 


Corpus calloHum, office of. il, 184 


cavernosum penis. 1. 168 


Coats of arteries, i. 81 


denratum 


Cochlea of the ear, i. I79 


ofcerebellum. ii. 116 


office of, i, 188 


of olivary body, il, 109 


Cold-blooded aoimalB, 1,811 


luteum. ii. 343 


extent of reflex movements in, ii, 100 


of human female, II, 248 


retention of muscular irritability in, ii. 




87 


of menstrual ion aud pr^aancy coin- 


Colloids, i, 806 


pared, ii, 245 


Colon, i. 261 




Colostrum, 1. 331 


Corpuscles of blood, i, 74. See Blooi 


Color-blindness, Ii, 236 


corpuscles. H 


Coloring matter, 1, 374 


of chyle. I. 801 ^ 


of bile, I, 374 


of connective tissue, 1. 38 ^H 


of blood, i, 83, go 


of cornea, il, 198 ^M 
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Corpuscles of lymiih, t, 301 


DnniuU's battery, ii. 26 
Decidua, 


ComlatioQ of Ufe wUh oilier forces, li. 




SOS 


reflexa, li, 268 


Cortical aiibstwire of kidney. 1. 847 

of lymphatic Klaada. {, 298 
Crtrtrs rods. 11, IM 


serotina. il. 368 


vera, li. 368 


Decline, i. 3 


ofBce of, ii, 183 




Coeial types of reapiralloD, i. 1S7 


pounds to. 11, aaa 


Cougliinic, influence ou clrcuiullon in 
vcinit. i, 207 




Decussation of fibres in niedullu oblon- 




gitlA, ii, 107 


WQSMtion io larynx Iwtore, li, W 


in spinal cord. ii. 08 


Cowper-B glands, ii. 240 
ofllce uncertain, il, 351 


of optic ncrvw, ii. 231 


DeftecstioD, mechautsiu of, i, 288 


Cruuiiil nerves, il, 186. Sm Cerebral 


influence of spinal cord on. 11. 102 ' 




D^lutilion. i. 286. &« Swallowlog. 


CrttDium, development of. il, 388 


Dentine, i, 5.5 


Cnusamentum. i, 85 


Depressor nerve, f, 154 


) Cresceuls of Oianuzzi. i, 228. See Seral- 


Derived albumins, ii. 828 


iuoes of Heidenhain. 


Derma. 1. 3S5 


' Crien-arytenoid miisclen, ii, 52 




Cricoid cartilwres. If. 58 
1 Crosseii pyramidul tract, II. 05 


Descemefs membrane. 11. 198 


Development, i, 8; ii, 3,^2 


' Crura eerebelli. 


ot organs, ii. 270 


effect of dividing, ii. 118. et leq. 
1 of irritalinK, if, 118 




arteries, fi. W\ 


cerebri, ii. 118 


bloo<!, i, m.ttteq. 


their office, ii, US 


blood-v(r.w:U, U. 377 ,^^^| 


Crusta petrosB, 1. 58 


bone. i. 48 ,^^^^H 


Cryptommic plants, movements of spores 


brain, li. 288 ^^^^H 


of.i.4 


capillaries, il. 977 ^^^^M 


Crysliilirrowlhof, 1. 1 


cranium. 11. 368 ^^^^1 


C^ysi,.llin, 11.838 


ear. ii, 3M ^^^H 


Crv-talline lens. il. S»4 


embryo, fi. 260 ^ 


(n relation to vision at different dis- 


enremides. fi. 375 ■ 


tances, ii. 807 


eye. fi. 201 ■ 


blood, i. 91 


face and visceral arches, il. 278 H 


heart, li. 278 ■ 


Cubic feet ot air for rooms, 1, 205 


liver, ii. 287 ■ 


CurAinK ferments, 1, 348 


mKhila oblongata, li. 290 ^| 


Currents of action, ii, 88 


muscle, if. 30 .^^^M 


ascending, ii. 48 


nervM, ii, 387 .^^^^H 


coniinuous. 11. 36 


nervous s}'stem, 11. 387 ^^^^H 


Induced, it 37 


DOBC, ii. 395 -^^^H 


organs of sense, li. 391 ^^H 


muscle, li. :» 


pancreas, ii. 397 


natural, il. 24 


pituitary botiv, II. 272 


DegativevariatlDn, 11,86 
ne?ve, 11. 40 


salivary glamkii. 200 


polaririne. H. 47 
mt. ii, A 45 


spinal cord, ii. 287 
teeth, 1. 58 


Curvw, Tmubc-Herinjt's. i, 309 
Cuticle, i, »33. See Epidermis, Epithe- 


vascular system. 11, 376 
veins. 11, &S 


lium of hair, f, 840 




Cuiisanserina, 11.14 


visceral arches and cleftii. il. 278 


vera. 1. 885 


of Wolffian bodies, urinary nppanius 


Cyiinute of nmnionium. i. 8.W 


and sexual organs, li. 288 


Cylindrical or columnar epltlielium, [, 34 


Dextrin, i. 281 


Cystic duel, i. 288 


Diabetes, i. 283 


Cyslin iu urine. 1. 865 


Dlamide*. ii, 881 


D. 


DIupbrngm. 

1 


Daltonism, li, 336 



p 


858 INDEX. 


1 






Efl'erent IvrnphaiiM, i. 300 


■ 




in various reKpirauiTy acta, i. 198 


vessels of kidney, i. 852 






In vomiting, i, 251 


Esg-albuiniu. ii. 837 






Diaphysis. i, 64 

Dioslole of heart, i. Ill 


Eighth eriinial nerve, ii. 145 






Elastic cartilage, i. 40 






r>i<?rotou8 pulse, I. 146 


fibres, i, 30 






Diel— 


tissue, i, 88 _^H 






daily, i, 221 


Elaslin, ii,»30 ^H 






influence oa blood, i. 87 


Electricity. ^H 






mixed, necesmly of, 1, 218. et Mq. 


in muscle, ii, 21 ^H 






Diffuaion of gases In reBpirafion, i, 107 


nerve, ii. 45 ^ 






Digtstion. i, 334 


retina, ii, 318 






in the intestinea, 1. 284, 286 


Electrodes, ii, 33 






in the Btomacb, i, 247 


Eiectrotonua, ii, 47 












of stomach after death, i. 358. Bee 


body. ii. 835 






Gastric fluid. Food, Stomach. 


accidental, il. 343 






Diplopia, ii, 3211 


Embryo, ii. 855. Ser Dovelopmetil 


■nd 




Direct tenjbeliur tract, ii. 96 


Ftetus, formation of blood In, 


.H 




pyramidal tract, ii. 85 


Emmetropic eye, li. 211 






Direction of souiitls. perception of, ii, 


Emotions, connection of with cerebnl 




194 


hemispheres, ii. 127 






Di.wuB proligeruB, Ii, 288 
DisdlncWta. ii, 16 


Enamel of teeth, i. 67 






Enamel organ, i, 68 








End-bulbs, i, 337 






of rounds, iiow Judged of. ii. IM 


End-pIatw.motorial.ii. 76 






Distinctness of vision, how secured, ii, 


Endocardium, i. 108 






308, et leq. 


Endolymph. ii, 183 






Dormant vitaU(v, ii, 308 


function of. ii, ISl 






Dorsal lamlnie. li, 356, 378 








Double hearing, ii, 193 
vision, ii, MS 








Endosmometer, I. 306 






DreamB. il. 186 


Endothelium, i, 31 








distinctive characlera, 1, 31 






Duel, cystic,!, 368 
hepailc, i, 371 


germinaiing, i, 33 






Energj-, ii. 65 






thoracic, i, 291 


relations of vital to physical, chan 
daily amount expended in body, li 


II. 




vitelline, ii. 361 


SS 




Ductless glands, ii, 1 
DucisollJuvicr. ii. 385 






Epiblaat, ii, 366 






Ductus arteriosus, ii, 383 


EpidermU. i, B33 






venoaua. ii, 384. 386 


development, etc.. of, i. Sa4 






closure of. ii, 2«6 


functions of. i, S43 






Duodenum, i. 254 


hinders absorption, i. 835 








pigment of. i. 834 

relation to eonaihility. i. 342 






Duverney'a glands, ii, 363 
Dysphagin, absorption from nutritive 
biths In, 1. 346 






structure of. i, 383 






thickening of. i, 384 






Dyspnraa, i, 309 


Epididymis, ii. 247 
Epiglottia, ii. 63 
action in swallowing, i, 238 


1 




E. 


influence of on voice, ii 5S 

Epineurium, ii. 69 


M 




Ear, il. 179 


Epiphysis, i, 54 






l>oncs or ossicIeB of, ii, ISO 


Epithelium, i. 19 






function of, ii. 188 


air-cells, i. 183 






development of. ii, 394 


nricries. i. 180 






external, ii. 179 


bronchi, i. 177 






function of, ii. 186 


branchial tubes, i, 177 






fnlcraal. ii, 181 


ciliated. 1, 3fi 






function of, ii. 191 


Sf£.;;f,'« ,M 






middle, ii. 180 






function of, ii, 187 


cylindrical, i. 24 ^^H 






Ectopia vesicre.i, 373 


development, i. 27 ^^H 






Efferent nerve-fibres, ii. 80 


glandular, i, U ^^M 


■ 






^^^^^ 


1 



r 



L 



EpitbellucQ. goblel-alinpcd, i. 30 

itnjwtb. 1, 28 

inucoiu membraaea. i, SS3 

olfactory region, li. iTe 

Hecreting glands, i, 3S3 

aeroue mcmbrttuca, i, 310 

apheroidal, I. 23 

aquaiDOUs or lesscUated. i. '20 

traQBltloDDl, i, 36 
Erect poailion of oblucls, perreptioQ of. 

li. 210 
Brecllle Btructures, cIrciilalioD in, i, 168 
Erection, i, 188 



Eunuchs, voice of, ii, ! 
Eiixtachiao tube, ii. I8U 

dovcIoproeDl, ii, W4 

function of, il. 190 
EuBtacliiao valve, i. 10,^ 
Excito-tnotor and aeiisori- motor acts, ii, 

85 
Excreta in relation to muscular action. 

il.U.elwg. 
Excrotin, I, 387 
Excretion, i, 847 
Excrelolclc acid, 1, 267 
Exercise. 

effects of, on production of carbonic 
acid, t, IM 
on lemperature of body, i, 310 
on venous circulation. 1. 163 
Ezpendilure ot body. il. 6a 

amount, ii, 68 

comiiared with income, 11, 64 

evidences. II. 63 

objects, ii, «J> 

aourcee. 11. Hi 
Expiration, t. 186 

influence of. on circulation, i, 307 

inecbanlem of. i, 186 

muscles coDcemeil in, 1. 187 

relative duration of, 1, 188 
Expir«l air, properties of. 1, 103, ft ttq. 
Extractive matters, i. 103 

in blood, i, 88 

In urine, i, 868 
Extremlliva. development of, 11. S75 
Eye, ii. IH 

adaplatloD of vision til different dis- 
tances, il. 308, ft itq. 

blood -vvsselB, li, 303 

caplllarv vessels of, ii, 100 

development of, tl, 301 

effect fjn, of injury of fuclal nerve, il, 
144 
of fiftlj nerve. li.Ul, 143 

effect of pressure on, II, £iO 

nerves, supplying muscles of, 11. IB", 
13fl, 143 

optical apparatus of. ii, 803 

retracting media of, 11, 304 



376 



Eye, memblance to camera, i 

structure of. ii, 187 
Eyelids, i, 106 

development of. ii, 393 
Eyes, Himulianeous action of ii 



Facial nerve, ii, 144 
effects of paralysis of, ii, 144 
relation of. lo expression, ii, 144 

Pfecen. compodlion of, i, 387 



Fasciculus, 

cuneatus, il. 06 

Olivary, il, 08 

teres, ti, 96 
FasUng, 

influence on secretion of bile. 
Fat. Set Adipose tissue. 

action of bile on, i, 270 
of pancreatic secretion on, !, 307 
of small intestine on, i, 384 

absorbed by lacleals. i, 303 

formation of, ii, 66 

iu blood, i, 86 

in relation to heat of body, I, 819 

of bile. 1, 375 

of chyle, l. 801 

situaiions where found, I, 83 

uses of. 1. 37 
Fechner's law, li. 217 
Female generative organs, ii, S34 
Fenestra ovaiis, ii, 1^ 

rotunda, li, 183 
Ferments, i. 60, 281. 346, 366, 367. 
Fibres, i, 17 

of Mailer, il, 303 
Fibrils or filament*, i. 17 
Fibrin, il, 839, in bluod. i, 63 

use of. i, 99 

in cbyle, 1. 303 

formation of, i, 63 

iu lympb. i. 302 

sources and properties of, ii, S39 

vegetable. 1, 318 
Fibrinogen, i, 68, ci »eg. 
FlbrinopIaatiD, I, R8 
Fibro-cartilage, !. 40 

ctassilicatioii. I, 41 

development, i, 41 

uses. I. 41 

while. 1. 41 

vellow, i, 40 
Fl^TOUH tissue. I. 31 



wbiti-. 



.31 



^^^e^^^^^^^^^^^^^^S^^^^^^^^^^^^^^^B 


Fibrous deyplopmeot, i, 34 


Formic acid, ii, 889 


Field o[ viaiou, acmal and ideal slie ol, 


Fornix, offlee ot, ii. 134 


li, S20 


Fourth cranial nerve, ii, 188 


Fifth nerve, ii. 189. Sm Cerebral Nerree. 


ventricle, ii, 106 


Fillft, ii. 106 


Fovea centniliH. ll, 215 


Filtration, i. 83S 


Fundus of bladder, i. 854 


Filum lerminalc. ii, 90 


Fundusofuterus. ii, 338 


FimbrliE of Fallopian tube, il, 238 


Fungiform papillie of tongue, ii. ITI 


temperature of, i, 811 




G. 


Fissures, 




of brain, ii. 120. efof?. 


Galactophotoiis ducts, i. S28 


of spinal cord, ii. 90 


Gall-bladder, i, 272 


Flsluln, Ragtric, eiperimeniB In cases of, 


functions, i, 278 


i. S45, a46 


passage of bile into and from, 1, S76 


Flesh, of nninials. I. 214 


Btmciure, i, 372 




Ganglia. S«e Nerve centres. 


i, 305 


of spinal nerves, ii. 94 


Fluoride of calcium, il, 842 


of the sympalhetic, ii. 151 

action of. ii, 153, cf m^. 


Focal distance, ii, 200 


FtElUS, 

blood of, i, 96 


as coKjrdlnaiorsof involuntary mo*! 
ments, ii, 155 


circulation in. ii. 280 


structure of, ii, 151 


communication wlib mother, ii, 2B8 


in heart, i, 125 


fieces of. i, 377 


iu substance of organs, ii. 1S5 


membranes, ii, 201 


Ganglion, Oasserian, ii. 139 


office ofbile in, il, 301 


corpuscles, il, 77 


pulse in, i. 122 


See Nerve-corpuscles. 


Folds, head and lail.ii, 259 


Gases, ii, 825 


FolUcles. Graafian, ii, 235. See Graafian 


in bile, i, 275 


Vesicles. 


in blood, i. B8 


Food, i, 212-315 


extraction of. i, 88 


albuminous, changes of, i. 247 


extraction from blood, f. 88 


amyloid, changes of, i, 331. 267, 280. 
of animals, i, ^ 


in stomach and intestines, i, 29$ 


in urine, i, 385 

Gastric glands, i. 242 
Gastric juice.!, 245 




Qomposltion of many, ii. 846, et teg. 


acid in, i. 246 


digestibility of articles of, i, 348 


action of, on nitrogenous food, 1. 24T 


value dependent on, i, 3SS 




digestion of. in inleatlnea, i. 284, «(«?. 


on saccharine and amyloid priM 


m stomach, i. 284. et eeg. 


pies, i. 248 


improper, i, 221 


arliflcial, i. 247 


of man, i. 218 


preparation of, i. 247 


mixed, the best for man. 1. 213 




mixture of, necessary, i, 214 

relation of, to carbonic acid, produced, 




digestive powfr of. i. 247 ^^^^M 


i. 184 


experiments trith, i, 247 ^^^^M 


loheatofbody. i. 811 


pepsin of, i, 246 ^^^^M 


to muscular action, ii, 44 


quantity of, i, 346 ^^^^H 


relation of, to urea, i, 870 


secretionof, i, 345 ^^^^H 


to urine. 1. 857 


how excited, i. 245 jM 


table of, i. 223 


influence of nervous system on, ^H 




loo little, i. 108 


Gelatin, ii. 380 B 


too much, i, 232 


as food, i, 221 B 


v^etable, contains ailrogenoua prin- 


action of gastric juice on. i, 2« ■ 


ciples, i. 216 


action of pancreatic juice on, 1, 367 ^H 


Foot-pound, i, 124 


GeJiilinouE substances, ii. 830 ^H 


Foot-ton, i, 124 


Generative organs of the female. I. SUH 


Foramen ovale, i. 106 


Forced movements. 11. 119 


of the maleri. 248 ■ 


Form of bodies, how esiimnied, ii, 322 


Gen ilo-url nary tract of mucouB mo^H 
brane, i, 321 ^H 


ForroatioQ of fat, ii. 00 


b. k 


— 1 



Oerluch's neiwork, ii, 03 
G«riniDiil area, ii, 256 

epithelium, ii, 233 

mailer. 1. 6. -tv Protoplaam. 
Germioal mcmbruae, Ii, 2a4 

spot, ii, 237 

development, Ii, 236 

vesicle, 11. 238 
developmeot of. Ii, 338 

digappeanince of, ii, 253 
Oi)l. i. 172 

Qizxard. aciioa of. 1. 241 
Oland, pineal, Ii, 10 

pituilar)'. II, 10 

prostate. Ii, 246. 25\ 
Oland-cella, Q^nts of secretion, f, 836 

cbanges in duriuf; secretion. 1. 234 
M(. 2A4 

relation lo epithelium, i, SS2 
QIaud-ductH, arrangement of, 1, 336 

con tract ions of, i, 33fl 
Olauds, aggronttc, i, 323 

BrunneFs, i, 257 



Cuwt>tT'B. 11. 240 

ductlet», ii, 1. See Vascular. 

Duvcrner'a. II, &8fl 

of Urtte fntestltie. i, 263 

Of LietwrkQbn, i, ^m 

IjrmptiiUlc, i, 207. Ste Lymphatic 
OlandB. 

nuunmury, i, 328 

of Peyer, i, aW 

■alivary. I. 226 

MbMXOua, i. 339 

KcrellDK, i. 322. 

of smairintestini 

of etomacli, i, 342 

Budoriferous, 1, 337 
. tubular, i, 323 

vascular, il, 1. See Vascular Olonda. 

vulvo vaginal, 11. 239 
Gtaiiduta Nabothi. ii. 339 
Oliwon'0 capsule, i, 36H 
Globulin. I, m-. ii, 338 

dlHtiueliona from ulbumin, 11. 838 
Globus major and minor, II. 347 

developmeDt, il, 300 
Gluaso-pnarjni^al nerve, I, 232; II, 149 

communicatioDs of, ii. 145 

motor fllameiit« in, Ii. 146 

a nerve of common sensation and of 
tMtc. ii, 146 
Qlottis. action of larrncKal muBclee on. 
Ii, S4 

closed in vomiting, il, 251 

effect of division of pneumoKaatrtc 
nerveson.il. 140 

forms assumed by. ii, 53 

narron-ins of, proportioned 
of note, il, M 

retpiratory movements of, i, 



a height 



Gluten in vegelHblea, I, 216 
Glycerin extract, i. 247. 266 
Glycln. ii, 831 
Olycocbotic acid. Ii, 381 
Glycogen, 1. 282; 11. 83S 

characters, i, 283 

destlDalion, I, 282 

prepOTHlion, 1, 288 

quantity formed, i, 381 

variation niib diet, I. 281 
Glycosuria, I, 383 

Artificial production of, 1, 28S 
Coil's column. 11. 06 
OraaDan vesicles. Ii, 330 

formation and development of. Ii. !!36. 

relation of ovum to. It, 23? 

rupture of, cliani.'es following, II. 340 
Granular layers of retina, ii, lift 
Grape-Hugnr, 11, 330. iSiwGlueoM. 
Grey matUT of cerebdlum, il, 116 

of cerebrum, 11, 134 

of crurl cerebri, 11. 113 

of medulla oblongata, U, 109 

of pons Varolii, iT, 113 

of spinal cord, II, 92 
Griwve, primitive, ii, 256 
Growth, 1. 1 

coincident with development, i, 3 

of bone. I, 54 

not peculiar to living brings. I. 2 
GuaniD. il. 334 
Gultemaculum testis, ii, 808 
Gullet, i. 236 
Gustatory nervtfs. il, 169 

cella, il, 178 

II. 



Habitual movements, ii, 87 
Htematin. i, 80 

hjdrochlorsle of, I, M 
Hwrnadynamomuier. I. ISO 
Hffimatochomeler, i, 105 
Hsmatoidin, i. 94 
Ileemio. i, 94 
Hsmacytomcter. i 81 
Ha!moglobln, i, 90, ft nn. 

action of gases on. i, 03 

dislrlbution. i, 95 

eatimalion of, I, 99 

spectrum, 1. 93 
Hair folliclea. i, 340 

tbeir secretion, i. 843 
Hairs. 1. 389 

chemical comnosliion of, fl. 830 

fltructure of, 1, 389 
Hamulus, 11. 183 
Hare-lip, ii, 374 

Hussall. concentric corpuscleH of, 11. 6 
Haversian canalH, i, 45 
Hearing, anatomy of organ of. il, 170 

double, il. 106 

impaired by lesion of facial nerve, 11, 
144 
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Heuring, influence of externul car on, ii, 
179 


Heat ccnirts, i. 316 ^H 


Huat- producing tissues, i, 312 ^^ 


of labyrinth, ii. 191 
of middle ear.ii, 187 


Heat or rut. ii. 340 1 


analogous to menstrua I ion. ii, MO 


^ ^"soHn*?, VibrnlionB, etc. 


Height, relation to respiratory cmpadir, 


i. 188 


Heart, i. 109-139 


Helicotreroa, ii. 183 


BClionof. i. Ill 


Helix of ear. ii. ITU 


accelerated, i, 137 


Hemispfieres. Cerebral, ii. 120. &e C*i» 


Bffeclsof, i, 124 


force of, i, 123 


frequeacT of, f. 122 
inhlblteci, i, 124 


Hepiitic cells, i, 268 
duels, i, 371 


after removal, i, 136 


veins, i. 270 


rhjilimfc. i. 136 


charocters of blood in, 1, 87 


work of, i. 134 


vesseU, arrangement of, i, 2tf(l. titta. 


aurideH of. {. 105, 111. See Auricles. 


capacity. 1. 107 


percepliou of odors by. ii. 178 
Hering*9 tlicry, ii, 334 


chambers, i. 104 


cliordte tendiue* of, 1, 110 


Hermaphroditism, apparent, ii. SOS 
Hibernati n. slate of thymus in, li, 6 


coIiimniE carneai of. i. 105, 110 


course of blood in. 1. 108 


Hiccough, mechanism of, i, auu 




Hipjol t, pain In lis diseases, ii. 84 


eudocardiuni, i, lOS 


Hippuric acid, i, 381. 373; U. 883 


force, i, 146 
frog's, i, 124 
ganglia of, i, 125 
Impulse of. i, 119 


Horse's blood, peculiar coagulation of.t 
Howship'slacunx. i. 44 


HyflTnecartilage. i. 38 


tracing by cardiograph, i. 119, eli'eq. 




Hydrogen, ii, 835 


126 


Hvdrolytlc t.rmenls, i, 230; ii, 335 


of sympathetic nerve, i, 137 


Hvmen. ii. 239 
HyperKsihesia, 




result of injury to spinal cord, U, 99 


musculi papillares. 1. 109, 118 


Hvpeniietropfa, ii. 213 


nervous connections with other organs. 


Hypoblast, li. 355 


i. 137 


Hypnglossal nerve, li. 150 


rbyibtn, i. 126 


Hypospadias, il. 305 


nervous system, influence on. i. 124 


Hypoxanthin. ii, 334 


revolution of. i, 117 




situation. J, 103 




Bounds of, i, 117 


I. 


causes, i, 118 




etruciure of, i. 107 


Ideas, connection of. with cerebrum, fL 




128 ^ 


tubercle of Lower in, i, 105 


Ileum. 1. 364 


valves, i. 10» 


lleo-ciecai valve, i, 388 




Illusions of touch,!, Ilia 


(unctionof, i. 114 


Image, formation •■1. oii retina. £i. StU 


auriculo- ventricular, i. 100 


diBtincinessor, li. 211 


function of, i, 113 


inversion of. ii. 218 


ventricles, their action, i, 113 


Impulse of hniri, i, 119 


capacity. 1, 107 
weight of. i, 107 


Income of body, ii. 04 




work of. i, 124 


Incus. 


Heat, animal, 1, 309. B<e TemperBture. 


function of, ii. 181 


Influence of nervous system, i, 318 


Indican. i, 363 


of various circumstances on, 1, BOO, 


Indigo, ii, 886 
Indol. i. 367 


elieq. 


loasea by radiation, etc., i. 313 
in relation to bile, i, 378 


Induction 


coil, a, 27 


sourcesand modes of production, i, 313 


curn-nt, ii. 27 


developed in contraction of muscles, i. 




309, 313 


Inhibitory influence i pncumogaatri 


perception of, U. 166 


nerve, i, 126 


k_ 
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Inhibitory HCtiou of bmin, ii, 102 


Juice. pHncrcallc, i. 266 1 


nerv«.. ii. 80 


Jumping, ii, 4i< 1 


action^f. on heart, 1, laS 


I 


on bloiid-TeswU, 1. 15.1 


1 


on blood-vcMeb of gnljrnry gl»D(ls, 


K. J 


i.2S2.et*eq. 




01 gaBiric blood. vesselB. i, 353. ft 


KaryokinesiB, i. 18 ^^J 


tq. 


Kntacroiic wave, i, 14« '^^^^M 


on intcsiinal movenient?, t. SW 






Ker tin, i, 248 ^V^l 


Inhibitory heat^ulre, i. 31B 


Key. if. 37 ^^ 
Kidneys. iLeir Btniclure, i. 847 


Inorguni oialter, disiiaotion from or- 


ganised, ii. 836. it M^. 


bloiHlvcssi-lsof. how diBlributed, i, 853 


pri dpleH. ii. S40 
iDofllte, If, 839 


capillaries of, i. 343 


development of. ii. 290 




function of, i, 355- ikt Urine. 


liwpiration. i, 183 




e BEtic resistance overcome by, i. 191 


nerves, i, 853 


extraordinary, i, I8(( 


tubules of. i, 848 


force em ployed Id. i, 191 


Knee, pain of. in diseased bip, il, 84 


durin); dyspntPa, i, 209 


Erause's membraue. ii, 17 


Influence oi, on circulaiion, i, 305 


Kreatinin. i. 868 


mechaniamof. i, 183 


Kymograph, i, 150 




tracings, i, 148, et tea. 


InteroMital muscles, action in Ineniration, 


spring, 1. 150 i^^H 


I. 185. ti 1^. 


^^_ 


inexpinilion,!, 186 
Interlobular veins, i, 371 




^^H 


In test in al juice, i. 283 




Intestine-. dig<-stinii in. i, 3S4. 286 


Labia eKlcma and iulema. fi, 280 


development, ii. 29,^ 

fatty ^Bchargts from, i, 287 


Labyrinth of Ihe ear. ii, 182. et tq. 


mem bran oils, ii, 185 


E^.' d'iKcation in, i, 280 


osseous, ii. 182 


function of. ii, 191 


structure, i, 283 


Lachrymal appBratus, ii, 196 


length in different animals, 1, 38* 


gland, if. ibo 


movemenls. i. 380 


LacUtion. i. 32» 


una)], chnngei of food In. i. 384 


LacleaU, i, 2S1 


slructureof. i, 254 


absorption hy, i, 80S 

conlotn lympli in fasting, 1, 801 




origin of. i. -m 


nversive I. rmenW, i, 284 


structure of. i. 293 


Involuntary m uncles, 


in villi, i, 209 ^^ 


actl-ns ' f. i. 251 


Lactic acid, ii. 840 _^^^| 


D rticture of, ii, 14 


in gastric fluid, I. 840 ^^^^H 
Lactiferous ducts, i, 8S0 ^^^H 


Iris. H. 306 


action of. ii, 305, It teq. 


Lactose, i, 215, 331 ^^^H 


in adaptation to disuoces, fl. 309 


Laeunte of lione. i. 44 ^^^^H 


bInod-TDSscls. ii, SOS 


Lamelln' of bone, 1, 46 ^^^^^1 




Lamiua spiralis. Ii, 188 ^^^^H 


Influence of fifth nervi- on. ii. 206 


use of. if. 192 ^^^^1 


of third nerve, ii. 206 


LiuniuR dorsalos, il, 256 ^^H 


relation of. to optic nerve, ii, 206 


visceralw. or venirales. Il, 861 


Iron, ii, 342 


Language, how produced, ii. 60 


Irradiation. 11, 214 


Ivoryoftcelh, i. 57 


Laryn:(. construction of, Ii, 51 




musclM of. ii. 53 




nerves of. ii, 58 


J. 


ToHittions in. according to rex and age. 
il. 58 




Jacol«on'» nerve, il. 145 


vocal cords of. ii.na 


Jaw. interartieularcirtilaBe. 1, 226 


Latent period, ii. 88 


Jejunum. {. 254 


Laughing, i. 201 


Juice, gantric. i. 345 

L 


Luxalur lymponi muscle, il, 191 
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Letkd on accidental clenieDt, il. 343 


Lungs, elastlclly of, 1. 187 
lolwaof, i, 179 


Leaping, i. 44 


Lwithin. i. 275 


lobulesof, 1, 179 


Lej^umen Identical with casein, i. 216 


lymphftlicB, 1, 182 


Lena, crjatulline, ii, 304 
Lenticular ganglion, relation of ibird 
nerve to. ii, 141 


muscular tissue of, i, 193 




nutrition of, 1, 182 


. Leuoic acid, il, 340 


position of, i, 178 


Leutdn. i. 2«6 


structure of, i, 170 


LuucocytcB, 


Luius consumption, i, 332 


of blood, 1. TB 


Lympli, i, 301 




compared with chyle, i, 301 


chyle, i. 301 


with blood, i, 803 


lympli. i. 800 


curri'Ht of, 1, 297 


oriKia of, i, 90 


quantity formed, i, 808 


Leucocytliiemiu, slute of vascular glands 


source of, i, 303 


ii. ii, 3 
Levere. dififerenl kinds of, il. 89 


Lymph -corpuscles, t, 301 


Lieberkahn 'a glands, 


development of into red blood-corp 


in large intestines, i, 368 


cics, i, OB 


in smull intestines, 1. 256 


origin of, i. 99 


Life, ii, aao 




relation to other forces, ii. 800 


1,304 


wmplest manifestations of, I, 7 


relation of to spinal coni, 1, 806 
Lymphatic (tlands, i, 2BT 


Llgumoulum nuclia?, i. 38 


Lichtning, condition of blood after death 


Lyrophftlic vessels, i, 291 


byTi. 72 


absorption by, 1, 808 


Lime, sails of. in human liody, ii. 343 


Lingual branch of fift.i nerve, 1, 231 


i, 393 


Lips, influence o( tlftli nerve on move- 




ments ot. ii, 141 


393 


Liquor aranii. 11.268 


contraction of. i, 297 


Liijuor aangulnls, or plasma, i. 63 


courwof fluid in, i, 297 


lymph derived from, i. 302 


distribution of, i, 391 


still layer in caplllarica, i, 158 


origin of, 1, 293 


Liver. i.'288 






structure of, i, 397, ■«( leg. 


on saccharine matters, 1, 281 


valves of, I, 297 


blood-elsboraiing organ, i. 260 


Lymphoid or retiform tissue, !, St t 


blood-making organ, 1, 97 
blood-vessels ot, i. 271 


Adenoid Tissue. 




capillaries of. 1, 371 


M. 


cells of. 1. 269 




circulation in, i, 269 


Macula germlnattva, il, 337 


development of. 11, 297 


Magnciiium, ii, 342 

MiJe sexual functions, ii, 246 


, ducts of, 1, 271 


functions of, i. 273 


Malleus, Ii, 180 


in fffituB, 1, 277 


functionof, il. 188 


glycogenic function of, 1, 380 


Malpigliian bmiies or corpuecles of k 
ney, i. 849 


structure of, 1. 268 


capsules, 1, 350 


sugar formed by, i, 283, e( wj. 

Locusnlger, ii, lis 


corpuscles of spleen, il, 4 


Maltose, i. 281; il, 386 


Loss o( water, ii. 841 


Maranialia, 


Ludnig's air pump. i. 89 


blood corpuscles of, i, 77 
brain of, il, 136 


Lungs, i, 178 


l>KK)d supply, i. 183 




capillaries of, i. 134 
cells of, i, 179 


evolution, i. 330 


involution, 1, 880 


changes of air in, i, 193 


lactation, I, 839 


Changes of blood in, i, 107 
^^^^ circubiion in, 1. 183 


Mandibular arch, II, 374 


Manganese, ii. 848 


^^^^V contraction of, i, 192 


Manomelur, 1, 149 


^^^^H coverings of, i, ITS 


experiments on rcspiniiory power wl 


^^^^^^^mient of, ii, 298 


1,193 



r 1 

INDRX. 31)5 1 


M»m.w of bone, t, 48 


Menstruation, ii. 240 


MMtlcatiOD, I, 326 


coincident with discharge of ova, ii. 241 
corpus luleum of, ii, 24S 


flflh nerve supplies muscles of, i, 226 


mUBcles of. i. 22S 


time of appearance and cessation, il. 


Mastoid ceUs. if. ISO 


243 


Malri» of carlilage, i. 38 


exertiim. effect on Leal of boily, 1. 310 


of naiU. i. 841 


Mature corpuaclea. 


on pliosuhales in urine, 1. 863 
faculties, devcliipmeni of in proportion 


origin of, i. 07 


Meatus of ear. ii, ITS 


to brain, ii, 128 


urinarius, openineof in female, il, 280 
Meckel'seanikKe. 0,374 
Meconium, i, 277 




120. fi/ «« 


field of vision, ii, 220 


Medulla of bone, i, 48 


Mercurial air-pump. i. 89 


of hair, 1, 340 






Mercury, absorption of. 1. 846 


columns of. il, 105 




conduction of impreesioDB, it. 109 


Mesenteric veins. Wood of. i. 88 


decuHstion of fibres, ii, 106 


Mesoblast, ii, HSR 




MeHOCcphaioQ, il, 112 


effects of Injury and disease of, il. 


Metatbumin. ii, 82^ 


no 


Jletallic substances, absorption of by 


fibres of. how dislributed, ii. 106 


skin, i, 34S 


functioaB of. ii, lOB. el teq. 


Melencephalon. ii. 200 


Important to life, ii, 111) 


Mcibiemoglobln, i. 98 


nerve i<enlnia In, ii. 110 


MeKzo-soprano voice, il, S7 


pynunids of, anterior, ii, lOfl 


Micturition, i, 878 


posterior, ii. 107 


Mlik, as food, i, 248 


•tructiirc of, ii, lOfl 


chemical composition, i. 881 


HeduUBry portion of kidney. 1, 849 


secretion of. 1. 320 


Milk curdling fermcnia, 1, 207, 839 


substance of nerve fibre, U, 71 




Melanin, ii. SSA 


Milk-teeth, i, 62, c'«7. 

Mlllon's re agent, ii. 827 


Membrana decidutt. ii, 342 


granuloM, ii, 286 






11. 127 


Influence on action of hcarl, i. 124 


llmitans externa, ii, 201 


iuHuence on nuimal heal. 1. 816 J 


interna, ii, 200 


on (liKestiou. 1, 200 




on hoarinjc, ii, 194 


l.rane.i,323. .Sm BBscment Mem- 




brane. 


on secretion, i, 327 


pupillnris, 11, 208 


on secretion of saliva, 1. 282 


cspBulo-puplUaris. ii, 293 
tympani, il, 180 
office of. ii, 187 


in vision, ii, 220, f(«?. 


power of concentration on the senses, 
11.233 


Membrane, blnstodermlc, ii. 254 




Jacob's, ii, 201 


Mitral valve, 1, 107 


of the brain and spinal coni, il. 88 
osriflcation in, 1, 47 


Modiolus, ii. 188 


Molecules, or granules, i, 7 
In blood, i. % 




men I membrane. 


in milk. 1, 833 


vlieliine. (i. 237 


movement of in cells, i, 7 


Membranes, mucous, 1, 321. Ba Mucoiw 


Molars, i, 61 


membrnnex. 


Molecular Inw of chyle, 1, 801 
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secreting, i. 823 


Motion, eausea and phenomena of. il. IS 


HembrAQes. s«rous, i. 810. See Beroua 


amreboid, 1. 7. 80: ii, 18 


membranes. 


ciliary, i, 7; il, 12 






if. 127. f ( >fq. 


mmcular, 11, 24, H teq. 


of object*, how Judged. 11. 828 
power of, not easmually distinctive of 


Hennrual diecLarKe. cumpociUon of, ii. 


242 

I 


animals. 1. 8 



nerve-fibres, ii, 60 
laws of aclion of, ii, 83 
Motor liagun nerve, ii. 160 

oculi, or third nerve, ii. 137 
MoU>rial ead-plates, ii, 70 
Mouth, cban^cs of food id, i, 334, it aeg. 
Movements, 

of eyes. ii. 238 

of inleslincs. i, 390 

of voluntary muBclcs, ii, 30 

produced by irriiation of auditory 
uerve. ii, 195 
HucigcD, i, 335 
Mucin, i, 2S5 
Mucous memlirHne. i, 331 

basement niembrane of. i. 323 

capillaries of, i, 134 

epitliclium-ceiis of. 1, 323. See Epithe- 

digestive'tracl, i, 331 

gaairo-pulraonary tract, i. 831 

lieiillo-uriaary truct. i, 331 

Bland-cells of, 1. 333 

of iatestines, i. 334, 261 

of siomocli, i, 241 

of tongue, ii. 166 

of uterus, cbimges of in prcgniuicy, ii, 
360 

respiratory tract, i, 831 
[uoo«k]ivary glands, ii, 338 
Mucus, i, 333 

Id bile, i. 275 

In urinu. I, 363 

of moulh, mixed with saliva, 1, 339 
Mailer's fibres, ii, 303 
Murexide, i, 3«tl; ii, 334 
Muscles, 

activity, ii, 34 

chanees in, by exercise, il, 34 

cliemical constitution, Ii, 31, 86 

clot, ii, 31 

eonlractility, il. 34 

coai:ractioa, mode of, ii, 29 

corpuscles, ii, 18 

curves, ii, 32, el teg.-. 11. 86 

development, ii, 30 

dlscof Hensen, ii, 18 

effect of pressure of. on veins, i, 163 

elasticity, ii, 30 

electric currents in. ii, 22, 85 

fatigue, ii, 83 
curves, ii. 33 

growlli, ii, 20 

lieart. ii, ID 

heat developed ia contraction of. ii, 
84 

involuntary, ii. 14 
actions of. ii. 36, 44 

Krause's membnine, ii. 17 

muscle-rods, ii, 19 

natural currents, ii, 33 
36 of, ii, 20 



Muscles, non-slriftlod. ii, 14 
nuLritioD of, ii. 19 
phy^ologT of. a, 30 
pluD. ii. 14 
pia«mn, U, 31 
reaction, ii. 31 
response to stimuli, ii, 88 
rest of. ii, 20 
rigor, ii. 37 
sarco lemma, il, IS 
sensibiltly of. ii. 25 



source of action of. Ii, 44 
stimuli, ii. 3.1 
striated, ii, 15 
B<r dure, ii, 16. et mo. 
tetanus, ii, 33 
unstriped. ii, 14 
voluntary, ii, 15 

actions of, ii, 39 

blood-vessels and nerves o(, ii, IS 
worlc of, ii, 33 
Muscular action, il, 86 
conditions of, ii, 86 
force, Ii, 33 

Muscular irritability, ii, 36 

duration of, after defllh, ii, 37 
Muscular motion. Ii. 14 

sense, ii, 164 
cerebellum tLe organ of. ii, 118 

tone, ii, 104 
Muscularis mucosie. i, 387. 343, 355 
MuRi-uli papillares. i. 110 
Musculo-culaneoiis plate, ii, 27S 
.Mumcul sotinds, ii, 193 
Mvograph. ii. 30 

pendulum, ii, 30 
Myopia, or sbort-sighl, ii. 313 
Myosin, ii, 31 



growth of. i, 841 

structure of, 1, 841 
Naphthilamine, i. 267 
Nasal cavities in relation ton 

Native albumins, ii. 337 

Natural organic compounds, ii, 326 

claiisiUcation of. ii. 336 
Nerve-centre, ii, 74. See Cer b 
Cerebrum, etc. 

ano-splnal, ii, 103 

automatic action, ii. B8 

car -io-inhlbitory. i. 127; il. ill 

cilio-spinnl. Ii. 106 

conduction in, ii, 88 

deglutition, i, 340; il. Ill 



"irroitx 86^^^^B 


Herw-ct-nlre. diubeiic, ii. 111 


Nerves, siinmli. ii, 46 


diffusian io,ii. H4 


structure, ii. 60 


funcllotu of, [i, 83 


symputheUc. ii. 08. 161. Set Sympa- 


geoilo-urinary. il, 108 . 
m .Biiuilion. f, 236: ii. Ill 


thetic Nerv*.. 
terminations of. il, 78 


radJBlion In, 11.85 


central, ii, 77 


reflexion in. ii, 85 


in cells, ii, 76 


laws Rnd condiilons of. it. 85 


In end-bulbs, ii. 74 


rwipiralory. i. 203; 11. 110 




aecreiion of Mliva, i, 233; ii, 111 


in networks nr plexiise-. ii, 76 


tronafereure of ImprMsioiiB, U, 8* 


in Pacinian coipusclcs. Ii. 74 


riuo-motor. i, 104: ii, 111 


in tou('i.-cart>UHi'lea, ii, 75 


vwlcn-spiiini, ii, 1113 


trophic, ii, 142, 157 


HerveK^orpuBcIca, 


ulnar, effect ..f compression of, ii. 81 


caudaie or sleliate, ii. 78 


THrielics of. il, 69 


polar, ii. 78 


vuBo-eonslrictor. 1, 156 


NcrvM, ii. 68 








actioD of stimuli on, U, 46 


vMo-moior, i, 158 


currente of, ii. 45 


while, ii. 46 


affe oot. ii. 60 


Nexvi nervo um. ii, 83 


ul»«yliniter of. ii, 70 


Nervi vnsorutn, i, 182 


centrlfuanl. ii, 80 


Nervous force, velocity of. i!. 80 


centrtpetal. Ii. 80 


Nervoun system, ii, 68 




cerebro spinal, ii, 68 


cla>»iflcallon. ii. TO. 80 


development, ii, 287 


conduction bj, ii, 80, tt Kq. 


elementary structure of, ii, 68 


rale of, ii. 81 


influence of 


continuity, ii, 73 
coureeof.ii, 78 


on animal heat, i, 318 


on arteries. 1. 154. rl teg. 


crania], 11, 186. ^ Cerebral Nprve*. 


on contractility, ii, 24 


depresHM-, 1. 154 
.-fler^m, ii, 80 


on contraction of blood-vesseU. i. 


152 


dectHcal currents of. ii, 45 


onerccLion, i, 168 


functions of. il, 78 


on Kasiric dieeation. i. 253 
on the heart 1> action, i, 134 


effect of chemical stimuli on. ii, 46 


of mecbnnical irritaiion, ii, 46 


on movements of int«atittea, I, 281) 




of momach. i. 358 


funiculi of, ii, 69 


on nutrition, ii. 157 


frey. ii. 71 

impressions on. referred to periphery. 


on reapiralion, i, 201 




il,81 






aympatbelic. ii. 151. 


Action. 




intercentral. ii, 80 


nuclear, i, 11 


lawn of conductiim. ii, 61 


Neiirilrmmn, it. 69 


of motor nerves, ii, 88 


Neiirin, ii, 833 


of scna»rv nerves, ii, 81 


Neuroglia, i. 84 


incdulli.ry9h(«th.ii,69 


Nipple, an erectile organ, i, 186 


medullated, il, 6« 


Blruclure of. 1. 829 


motor, ii. 80 


Nitrogen. 
in blood, i, DO 


lawBof action in. ii. 83 


natural currents. Ii. 45 


influence of. in decompoeilion. it, 326 
in rehitlon to food. i. 218, rf «■?. 




nodes ol Ranvler. ii. 71 


in respiration, i. 195 


non-medullntcd, ii, 71 


Nitrogenous compounds, t. 213 


nuclei, ii. 70 




of special «n»e. H. 83 


Nilrt.genou« equilibrium, il. 66 


plexuses of, ii. 73 


Nitrogenous food, i, 214 




in relation to muacular work, i, 870, d 


sensory, ii, 80 


Kq. 


laws of action in. Ii. 81 


in relation to urea, 1, 870 


nt^ of. ii, 811 


to uric add, i, 878 


spinal. ii.M.W. 150, rt»e9. **9pinal 


Nodes of Ranvter, 11. 71 


Nerves. 

i 


NoiHcs in eai«, ii, S8 







* 
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Kon<izotiz<?d or Non-nitrogcoous food, i, 


Organs, plurality of (webml, il, 189 




313 


Organs of sense, development of, Ii. 1 




or^oic principles, ii. SS5 
Nose, ii. 175. See Smell. 


Osm<M<i», 1. 306 




Os orblcuiare, ii, 181 




iniwiion referred to, U, 8S 


Os uteri, ii. 23» 




Noiochord, ii. 357 


Osseous labyrinth, i!. 163 




NiicleuB, 1, 10 


Ossicles of the ear, ii, 181 




positioo, i. It 


ofBce of, ii, 188 




slnining of, i, 11 


Onlcula auditia. U, 181 




Nuiritiaa. ii, 83 


Ossilication, i, 47, tt uq. 




general nature, 


Osteoblasts. 1, 48 




ofnervouBByBtem,il. 155 


Osteoclasis, i. 51 




of trophic nerves, ii. 157 


Otoconia or Otoliths, ii, 185 




In paralyzed parts, il, 107 


use of, ii. 191 




ofSls.^8 *^ 


Ovaries, ii, 235 




Nymplue, U, 239 


Omafian vesicles In, tl, 236 
Ovisacs, ii, 286 




0. 


Ovum, ii, 286 
action of sumlnal fluid on. !i, 253 i 




Ocular cleft, II. 392 


changes of. in ovarj-, ii. 238 






previous to formation of embryo. 




OdooloblasW. i. 09 


ii, 358 




Odors. 






causes of. il. 77. U neq 


«?■ -^ 




dilTcrent kinds of. ii, 17S 


in uterus, ii. 254, et teg. 






cleflvinKof yelk. ii. 258 




varies in different classes, il, 178 


connection of with uterus. U. S85 




relation to taste, ii, 174 


diachurge of from ovary. Ii, 289 




(Esopha^a. 1. 330 


formation of. ii, 338 




Oii. abeorptiou of, 1, 303 


germinal membrane of, ii, S54 




Oleic acid, ii, 889 


prminsl vesicle and spot of. u. 237 
impregnation of. ii, 253 




Olfactory cells, ii, 176 


structure ot, ii. 238 




nerve, ii. 17.1 


un impregnated, ii, 338 




subjective sensations of, 11, 179 


Oviduct, or Fallopian lube, ii, 288 




OUvsiy body, ii. 100 


Oxalic acid. i. 365 




fasciculus, ii, lOfl 


Oxalic acid in urine. 1, 366 




Om phalo- mesen lerlc, 
arteries, Ii, 261 


Oxygeu, ii, 335 

in1.1ood. i. 89 




duct, ii, S70 


effects of on color of Hood, i. 88 




veins, ii, 381 




Oncograpb. 1. 367 


proportion of lo carbonic acid, i, 11 




Oncometer. 1. 363 


el teg. 




Ophthalmic ganglion, relation of third 


Osyhienioglobin, 1, 92 




uervu.ii, 137 


spectrum, i, 93 










Opiic, 
lobes, corpora quadrigemfna, homo- 
logues of, il. 114 
functions of. Ii, 114 






P. 




Pacinian bodies or corpu^^les, Ii, 74 






Palate and uvula in relation to TOiCfc 




point of entrance insensible to light, 


69 ^ 




II, 216 


cleft, ii. 274 




thalamus, function of, ii. 115 


Palmilin. ii, 388 




vesicle, primary, Ii. 281 
secondary, Ii, 392 


Pancreas, i, 36* _ 




development of. U. 207 ^^^M 




Optical angle, ii, 220 


functions of. i, SH ^^^^M 






structure, i, 264 ^^^^^M 




Ora serrata of retina, il, 199 


Pancreatic fluid. 1, 2SS ^^^^H 




Orang, 
brain of, il, 137 


Pnncrealin, Ii. 387 ^^^^^M 




Papilla foliata. ii, 178 ^^^^B 




Organ of Corti, ii, 184 


Papills V 




Orcanic compounds in body, 11, 835 


of the kidney, i, 348 ■ 


i 


ftiatability of, il, 828 


of skin, distribution of, 1, 835 ^ 



^^^^^^^^^^ ^^^^^^^^^^^^^^^^^^^^^^^^ae^^B 


PspilJie. end-bulbs In, I. 887 


PfiUger'slHW.ii, 48 


i-pilLelium of. i. 835 


Phakoscopc, ii. 208 


oerve-flbreB in, 1. 888 


Pbarvnx. i, 23U 


supply ot blood lo, 1, 386 


Hcllou of in swallowing, i, 289 


toucb corpuscleg in, i, 837 


inlluciice ot sloaso-pliaryngeal nerve 


of tMth, 1, W 


on. i, 230 


of lonpie, il, 169, tt teg. 


of pneumiigaslric nerve on, i. 289 


circiimTsllBte or Mljclform, li, 176 
conical or fllitorm. fi, ill 


Phenol, ii, 340 


Phosphates, il. 842 


fungiform, ii, 171 


PhoKphales in tissues, 11. 843 


Paraglobulin. i. TO 
Pamfbumin, U, 828 


Phosphorus in the human body, il, 842 
Pia malCT. circulation in, 1, 167 




Pigment, 1, 21 
of hair, 1, 389 
of retina, 11.203 


Paralyzed parte. 


nutriUon of. H, 157 


of skin, i, 834 


pain in. il, 62 


Pigment cells, forms of. i. 31 


limbs, tempcrotun: of . 1, 816 


movements of granules in, i. 31 
Pineal gland. 11, 10 


preeervatlon of sensibility Id. il, W 


Paralysis, cross, ii, 98 


Pinna of ear. 11, 179 
Piluitarj' body, ii, 10 




PwwpleKla, 


development, il, 373 


delivpry in, 11. 103 


Placenta, ii, 265, ri I*.?. 


Kflcx movcmenlB in, ii, 103 


fatal and maternal, il, 2A6 




Plania, 


Parotid gland, saliva from. i. 236, 884 


dtallnclions from animals, i, 8. See 


nerves iiittumciDg secretion by, i, 284 


also Veguiables. 


Pause in heart's action, i, 117 


Plasma of blood, i, 85 


reiplralory, 1, 188 


sails of, i, 85 


PecienotbiniB, ii,293 


Plasmine, 1, «S 


Peduncle*. 




of the cerebellum, ii, 118 


nature of, i, 88 


of the cerebrum, or Crura Cerebri, U, 
118 
Pelvis of the kidney, 1. 8W 


PlcthysroogTHpli, i. 1S8 
Plexus", terminal, it. 76 


Penis, 


ot spinal nerves. reUtion to cord, ii. TO 


corpus cavemoBum of. 1. 168 


myentericus, i, 265 


development of. ii, 805 


Alierbach-a. i, 255 


erection of, explalncfl. i, 169 


Meissner's. i. 255 


reflex action in, 11. 108 


Pueumogastric nerve, ii, 146 


Pepsin, 1, 244 


disiribuiion ot. 11, 146 


Pepsinogen, i. 244 


Influence on 


Peptic cells, i. 242 


action ot heart. 1. 126 




deglutllioti, i. 389 


Perceptions ot sensatlona by cerebral 


gastric digestion, i, 202 
farynx, i,^ 


hemisplierw, il, 128 


Pericardium. 1, 108 


lungs, i, 303 


Perichondrium, 1, 4S 


rcsophaguB, 11. 147 


Perilymph, or fluid of labyrinth of ear. 


pharynx, ii, 146 


1 ii, 183 


respiration, 1. 302 


1 UiW of. ii. 191 , 
Periroysiura, li, 15 ' 


secretion of (laittrie fluid. I, SS2 


sensation of hunger, 1, 318 


Perineurium, li. 69 


storoacb. i. 2S2 




mixol function ot, ii. 146 


Perisiallic movemeols of Intestines, 1, 2W 


origin from medulla oblongata, 11. lUH 


of stomach, i. 249 




Perivascular lymphatic sheaths, i, 180 


Pons Varolii, its structure, U, 118 


Permanent teetb. i, 63. fkf Teeth. 


functions, il, 112 




Portal, 


Insensibleandsensihle, i. 843 


blood, characters of, 1, 87 


ordhiary constituents of. i, 343 
Peyer's Klonds. i. 258 


canals. 1. 271 


circulation, i, 260 


patcbe». i. ^'•8 


function of spleen with regard to. 




11,4 


rtruclure of, i, 269 




Vol. 11.— 24. 


i 



Portio dum, of sevenlli nerve, il, 144 

mollis, of seventh nerve, ii. IHo 
Post mortem digeslion, i, 258 
PolKMium, ii, 342 

sulphocjanat^. i. 329 
Pregnancy, absence of mensiruation (lur- 
ing, il, 343 

corpus luleura of, ii, 340 

influence on blood, i, 86 
Presbyopia, or lone-sight, ii, 214 
Primitive groove, ii, 856 
Primitive nerve-aheuih, or Sctiwaun's 

aheath, ii, 71 
ProceSHUH gradlis, ii, 181 
Propionic acid, ii. 338 
PruscncephaloD, ii. 280 
Frostate gland, fi, 246 
Froteida, 1, 347 

chemical properties, ii, 327, et teq. 

phjsioU propertiea, ii, 827 

tests for, il, 327 

varieties of, ii, 338 
Proieolylic fermenla, i, 348 
Protoplasm, 1. 

chemical characters, i, 6 

movement, 1, 6 

nutrition, i, 9 

physical characters, f. 6 

physiological uhuraclcrs, i, 6 

rtprodiiction. i, 11 

traniiformation of, i, 14 
Proto- vertebra, ii, 258 
FseudoBcope. il, 333 
Ptyalin, 1,329 

action of, i, 239 
Puberty. 

changes at period of. ii, 343 

indicated by menstruation, 11. 243 
Pulmonary artery, vulves of, i, III) 

capillaries, 1, 134 

circulation, i, 183 
Pulse, arterial, i, 143 

cause of. 1. 142 

dicrotua, i. 146 

difference of time in different parte, 1, 
143 

frequency of, i, 133 

influence of age on, i, 132 
of food, poature, etc., i, 133 

relation of to respiration, i, 123 

sphygmographic tracings, i, 146, et t£q. 

varfationa, i, 146, ei »eq. 

in capillaries, i, 139 
Purkinje'a figures, ii, 315 
Pviorua, structure of, i, 242 

'action of, 1. 250 
Pyramidal portion of kidney, i, 848 
Pyramids of medulla oblongata, il, 106 



L 



ii. » 



R. 

Racemose glands. Ii, 333 
Radiation of impressions, il 
Rectum, 11. 261 
Recurrent sensibility, ii, M 
ReSex actions, il, 85 

acquired, ii. 87 

augmcDtation, Ii. 83 

classification, ii. 8B 

compound, ii, S7 

conditions necessary to, 11 

in disease, ii, 103 

examples of, il. 88 

excito- motor and sensori-i 

Inhibition of, ii. 88. 101 

irregular in disease, ii, 103 
after separation of cord from 
ii, lOU 

laivB of, i, 873 

morbid, ii, 103 

of medulla oblongata, ii, 100. H »eq, 

of spinal cord, ii. 100 

purposive in health, ii. 80 

relation between a stimulus and, { 



simple, if, 87 
Refracting media of eye. il, 204 
Refraclion, laws of. ii, 204 
Regious of body, Set FrontiBpleoe; 
Registering apiMratus, 

cardio^frapli, ii, 119 

tcymograph. t. IJiO 

spliygmograph, i, 143 
Relations between secretions, 1, 837 
Reptiles, 

blood-corpuacles, i, 76 

Drain, ii. 125 
Reserve air. i, 189 
Residual air, i, 189 
Rcapiralion. i, 1T3 

abdominal type, 1, 18S i 

changes of air, i, If" 
of blooti, 1, 197 

costal type, i. 188 

force, i. 191 

freijiiency, i. 190 

influence of nervoi 

mechanism, i, 183, 

movements, i, 184. 8et Respii 
Movements. 

nitrogen in relation to, I, I9S 

organic matter excreted, 1. 198 

quiintity of air clinnged, 1. 188 

relation lo the pulse, 1. 138. SIS 

suspension and arrest, i, W9 

tyijea of, 1, 186 
Rcspiralorr capacity of cbeot, i, 18V 



By Stem, I 



1.345 



^^^^^^^^^^^^^^^nroEX^^^^^^^^^^^^STB 


Respiratory raovpmenlB, i. 184 


Running, mecbaniam of. it, 44 ! 


axes of rotulion, i. 184, flxq. 


Hut or heal, u, 240 


of air tubes, 1. 17S 




of Klotlis. i, 188 

iuflueDceoa amount of carbonic acid. 




S. 


i. IflS 




onarteriallCTiBion, i. 213 




rate. I. 190 


of, i.^ ' 


relatloD lo pulae rate. i. 100 


Sacculus, ii, 185 


size of animal, i. IBO 


Saliva. 1. 229 


relation 10 will, 1.201 


composiUon. I. 220 ^^ 


various mecbaniBm, t, 1B8 


process of secretion, 1, 235 ^^^H 


muwlea, 1. 188. et m- 


quantity, i, 230 ^^^| 


daily work, i, 188 


rate of secretion, i, 280 ^^H 


power or. f. 101 


uses, i, 230 ^^H 


nerve centre, 1. 202 


Salivary glands, i. 2a« ^^ 
development of, il. 2»7 ' 


rhvUim, 1. 186 


sounds, 1. 188 


Influence of nervous system, 1. 381 




mixed, 1. 220 




nervw, i. 229 


ttstis, ii, 247 


secretion, i, 228 


Relifomi or adenoid, or lymphoirl lissue. 


structure, i, 226 


1.34 


true, i, 227 


ReMnn. ii. 100 


varieties, i, 227 


blind spot. ii. 813 


Sarcode, 1. 0. Set Proloplum. 


blood-vesMlB, it. 203 


Sarcolemma, ii. 16 1 


duration of impressionH on, 11. 216 


Sarcosin, ii. 332 


of after-ecu satioQB, ii. 218 




effect of pressure on, 11, 220 


Scalamedia. ii. 183 


excitation of. ii, 21S 


lympani, ii, 188 


focal dlBlance, ii. 208 


vestfbuli, Ii. I«8 


fovea ceuiralis, ii, 169.315 


Scleroiic, ii, 197 




blood-vfissels. it. 208 


Image on, how formed diBiinctlj. Ii , 


Scurvy from want of vygetablcs, i, 217 


203 


Sebaceous glands, i. 337 


Inversion of. how corrwled, ii. 218 


their secretion, i. 848 


liuenBible at entrance of optic nerve. 


Sebactc acid. It. 840 


ii, 215 




Uyen.. ii, 190 


aggrefcaied. ti, 828 


In (juadrupeds. ii, 230 


convoluted tubular, il. 328 


reciprocal action of parts of, ii. 226 


tubular or Mmple.li, 828 


In relation to ilirM^tion of vision, IJ, 




to motion of bodies, ii. 232 


Secrelion, 1, 318 


to single Tision.li. 229 


Hppuruius necessary for. 1. 318. tt •». 


to alEc of fleld Of viaion. It. 220 


reflection of ll3;bl from, ii, 217 




■tnicture of. ii, 100 


■■ stomach. 1, 244 


reMeta, U, 208 


■■ salivary glands, i. 2S4 
circumstances infUiencing, 1, 826 


visual purple, il. 218 
RheoMoplr frog, ii. 46 


discharge of, 1. 826 


Rhlnenccplialon, ii, 280 


general nature of. i, 818 


Ribs, axet of rotation, i. 184, tt tq. 


Rigor mortis, ii, 37 


process of physical aud cheniical. 1. , 


aflecis all classes of muscles, ii. 87 


824.325 


phenomena and causes of. ii. 38 


serous, i, 820 i 


Rima L'lotildis. movements of In respba- 


synovial. 1, 821 


lion, i. 188 


Segmentation of cells, 11, 202 


Ritter's tetanus, il. 49 


ovum, 11. 242 


Rods of Cortl. ii. 184 


Semen. Ii, 251 


use of. it. \9i 




Rouleaux, formation of In Uood, 1, 76 


emission of. a reflex act. ii, 108 1 






sloniaeh of. 1. 240 


nurpnse of. it. 2S1 
tub^, 11, 247 . 


RuminnUon, i, 240 
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Seventh cerebral nerve, facial portic* 


doTelopmcnt of, ii, 394, el nea. 


li, 144 


usoof. ii, 191 


Sex, influence on blood, i. 87 


Semilunar valves, i. 106 


influence on production of carboal 
acid, i. 193 


funclions of, i, 114 






Seasatlon, il, 158 


186 


color, ii, 323 


Sexual organs and functions la the £ 


common, il. 168 


male, ii, 334 


conditions necessary to, ii, 159 


in the male. ii. 346 


excited by mind, ii, 159 


Sexual piuttiun, connection of wlih an 


bj internal causes. Ii, 160 


bellum, U, 110 


of motion, ii, 161 


eight, Ii, 196. Sm Vision. 

Silica, parts in which found, li. 343 


nerves of, It, 136, et leg. 




il, 79 


Silicon, ii. 343 


laws of action, ii, 80 




objeclive, ii, 160 
of pain, ii, 162 


Single^ion. conditions of, ii. 829 


of pressure, il, 165 


Sinus pocnlaris. ii, 804 


special, U, 1S9 


urogenilalis, li, 804 


nerves of, ii, 187 


Sinuses of dura mater, i, 167 


stimuli of. ii. 82 


Biith cerebral nerve, ii, 148 


of special, ii, 82 


Size of field of vision, li.aao 


sulijective. ii. 83, 168. See also Special 


Skeleton. Set Frontispiece. 


Senses, ii, 160 


Skin, i, 833 


tactile, ii. 166 


absorption by, i. 345 


tempomlure, ii. 168 
tickling, ii, 103 




of water, i, 346 


touch, li. 163 


culls vera of. i, 835 




epidermis of, i. 883 


«?. 


evaporation from, 1, 318 


of weight, il, 160 


excretion by, i, 344 


Sense, special, ii, 158 


exhalation of carbonic add from. 1, 34 


or hearing, li, ITU. fib« Hearing, Bound. 
ot sight, S, 196. 8« Vision. 


ot watery vapor from, I, 844 


functions of, 1. 342 


of smell, li. 175. Sm 8meU. 


papilliB of, I, 336 


of taste, ii. 168. See Taste. 


of touch, ii. 183. See Touch. 


perapiration ot, i, 343 




rele mucosura of. i, 834 


or^^ous of, development of. ii, 291 


sebaceous glands of, i. 336 


Sensory impressions, conduction of, U.Sl 


structure of, i, 338 


by spinal cord, ii, 97 


sudoriparous glands of, i, 337 


nerves, ii. 81 


Sleep, ii, 135 

Smell, sense of. ii. 175 


Septum between auricles, formation of. 


ii, a«o 


conditions of, ii, ITS 


between ventricles, formaUon of. ii. 


deUcttcy, U, 1T7 


380 


different kinds of odors, ii, 173 


Serous fluid, i. 320 


impaired by lesion of facial nerve, Ii, 


Suroua membranes, i, 319 


144 


arrangement of, i, 819 


impaired by lesion of fifth nerve, Ii, 


communication of lymphatics with, 1, 


141 ^ 


394 


internal excitants of, ii. 179 _^M 


epithelium, 1. 319 


limited to olfactory region, f. 17« ^M 


fluid secreted bv, i, 330 


relation to common sensibility, ii. im^H 


funclions. i, 380 


structure of organ of, il, 170 ^M 


lining joints, etc., i, 320 




yiscerul cavities, 1, 320 


varies in different animals, li. ITS ^M 


stamat4k, i, 394 


Sneezing, caused by sun's light. 11. M ^M 


structure ot. i, 319 


nieelianism of. i, 200 ^H 


Serum, 


Sniffing, mechanism of. i, aoi ^^| 


& of blood, i, 93 


smell, aided by, U, 176 ^H 


I separation of. 1, 66. 03 


Robbing, i. 201 ^M 


1 Seventh cerebral nerve, auditory portion. 


Sodium, ii, 843 ^M 


L ii, IBS 


in human body, ii, 843 ^^M 
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Sodlitm. aaits of in blood. !. 80 


Sninal cord, functions of, ii, UT 


Soliiury glandH. i, 25« 
SotuhlBftnuenii.. ii. 330 


ot columns. Ii, 99 


Influence on iympb-hearis. ii, 103 


Sotniilopleure. ii, 259 


on sphincter ani, 11, 103 1 


Somnambulism. ii,8T 


on tone, H, 104 ' 


Sonorous vlbnilioiia, liim- I'ummunkated 


morbid Irritability of, 11, 1()3 


in ear. ii. ISC, f< «•';. 


nerves of, ii, 63 


fn air and in waier. ii, IW. --i-r S.iiinJ. 


reflex action of, 11, 100 


SopnmoToice, ii, 57 


in dis<tiM, Ii, 103 


tMiiind, 


inhibition of, ii, 101 


binaural senaatlons. ii, lSr> 


size ot dilTercnt ports. It, 91 1 


conduction of by ear. ii, IM 


special cenlrca in, ii, 103 ^^m 


by external car. ii. 188 


structure of, il, 90. etmti- ^^H 


byinUirnalear. ii, ISl 


transference, 11, 100 ^^H 


movements and BeuBulionB produced 


weight, ii, 126 ^^H 
relative, 11, 12S ^^H 


by, ii. 196 


''^^iTMiion of, ii. 104 


white matter, il, 91 1 


jrrey matter, Ii. 93 


ofdistanc«of, ii, 194 


Spinal nerves, 11, 94. 100 


permanence of sensalion of. ii, IB.) 


origin of, ii, M 




physiolMy of, Ii, 96 
Spiral canal of cochlea, U, 183 1 


production of, ii, 193 


laminaof cochlea, il, 1»3 : 


subjeclive. ii. 195 


tunclionof. ii. 1»8 


Source ot water. Ii, Ml 


Spiromeler, i, 180 1 


Spasms, rellcx acts, ii. 103 


Splanchnic nerve, 1, IM, 209 


Spenkins. il. IHI 


Splanchnopleure, ii, 200 


niccb«nism of. 1. 300; ii, 60 


Spleen, ii, 1 


Special -ensw.ii. 15B 


functions, ii. 4 


Spetlrum-unalyBi* of blood, i. 92 


hilusof, 11, 1 


Specirum or ocular after-BcnMttion. ii. 23.'5 


Influence of nervous system, ii, 5 


Speech. It, dO 


Halpiichlnn corpuscles ot, ii, 8 


function ot tongue in, Ii. 02 


pulp, li, a 


influence of medulU oblongaln on, 11. 


stroma of, ii, 3 
structure of, H, 3 
trabecule of. Ii. 3 




form and structure of, U, S4» 


Splenic vdD, blood of, 1, 88 


function of, ii. 351 


Spot, terminal, ii, 387 


motion of. Ii. 251 


Squamous epllhellum, 1, SO • 


Spherical aberration, ii. 213 


Stammering, 11, 63 


correction of, ii. 2tH 


Stapedius muscle, U, IBl 


Sphincter anl. i. 808. S>Si) 




Stapes, il, IHl 


exieraal, i, 3») 


siarch, 1, eai 


Internal, i, 363 


digestion of 
In small intestine, 1. 367, 380 


tDfluencc of spinal cord on, i, SSS 


SphyKttioBmpb. i, 143 
iraclDgs. 1. 145. el »tq. 


in mouth, 1, 281 


In stomach, i. 248, 283 


Spinal accessory nerve, if, 149 


Starvation, i, 319 


Spinal cord, 11. 90 


appearancM after Oealh. 1, 830 
effect on lemperatttre, i, 2W 


automatism, 1, 105 


canal ot.ii. 90 


loss of weight In, i, 319 
period of death In, f, 330 


centres in, 11. 108 




symploms, i, 220 
Bicapslii, i, 307 


columns of, il, 91 


comniissurus of, 11, 91 


St«aric acid, ii. 839 




SleaHn, il, SSH 


tfq. 


Siercorin, 1, 2T*i 


course of fibres in. ii, 95 


allied to choleeierin. 1, 278 


decussation of sensory impressions in. 


Stereoscope, fi. 322 


11,99 


St. Martin, Alexis, case of, ii, 840* 1 




Stomach, i, 340 1 




blood-vessels, t, Ut 1 




development. 11, HWi.tttaq. 


fliaures and furrows ot, U, 90 


"^"■■■" i 
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lioQ in, i. 348 


on animal heat of, ii. 316 


products of, i, 247 


biood-vessels, i, 153, el Kq. 


digestion after death, i, 253 


heart, i. 128 


glands, i, 34S 


intestines, i. 289 


inToluntary motion, ii, 154. rf m{. 


movemenU, i. 240 


salivary glands, i, 231. tt leg. 


influence of nervoua system, i, 252 


secretion, i, 281 


miicDua membrane, 1, Ul 


Htomacb. i, 353 


muHculur cont, i, 241 


structure of, ii, 151 


nerves, i, 248 








secretion of, i. 245. See Gastric fluid. 


SyntonlQ, 1.248; ii, 33S 


Biructure, i, 241 


Systemic circulation, i, 101. See Cirei 


leinperiilure. 1. 245 


iBtion. 


Stolnala, 1, ISO, 295 


vessels, i. 101 




Systoleof bean, i, 119 


Striated muscle, ii. 15 




StromOUr, i, lft4 




Slructurul bmw of liutnan body, i, 5 


T. 








Taste, ii, 1B8 


Buccus entericus, i, 283 


after-tastes, il, 174 


functions of. i, 283 


conditions for perception of, il, 168 
connection with smell, U, 174 


Suoking, mecbaniBm of. i, SOI 


Sudoriferous glands, i. 337 


impaired by injunr 
of facial nerve, fi, 149 


their distribution, i, 838 


number of, 1, 338 


of fifth nerve. 11. 142 


their secretion, i, 843 


nerves of. Ii, 1«, 146 


Suffocation, i, 208,fl(«7. 


seat of, Ii. 168 


Sugnr, ii, 839 


subjective sensations, U, 175 


as food, eiperimenta with, i,221 
digestion of. i. 284. 28t! 


varfeties. il. 174 


Tasle-goblels, Ii, 178 


formation of in liver, i, 280, 282 


Taurin. H, 338 


Sulpbaics, ii, 342 


Taurocholic acid, 1, S74 


in tissues, U. 342 


Teeth, i, 55 


in urine, J. 168 


development, ii, 58 


Sulphuretted hydrogen, ii, 341 


eruption, times of, I, 69 


Supruredal c&paules, ii, 8 
development of. il. 302 


structure of, i, 55, rf *<7, 


temporary and permanent, i. 61, «r« 
Temperament, Influence on blood, i. 81 




skin. U, 10 




Structure, il, 8 


average of body, i, 809 


Sam. a source of energy, ii, 810 


changes of, effects of, i, 810, el mq. 


Swallowing, i, 288 


circumstances modifying, i. 81B 


nerves engaged, 1, 239 




Sweat, i. 848 


maK 1.311 


Sympatlietic nervous system, 11, 151 


in disease, i, 811 


clmracter of movements executed 


iuSui^Dce oil amount of carbonic « 


tbroufch. ii, 154 


produced, i, 194 


conduction of impressions by, ii, 133 


loss of. 1. 818 




maintenance of. 1, 813 


d stribulion, ii, 151 


of Mammalia, Binia, etc., 1. 811 


d visions of. il. 68 


of paralyzed parts, i, 316 


fibres, differences of from cerebro- 


regulation of, i, 313 


spinal fibres, ii, 72 


ofresplredair, i, 196 


miilure with cerebrospinal fibres, il. 


sensation of variation of, ii, 166, i 


151 


Heat. 


functions, ii, 158 


Tendons, structure of, i. 32 


ganglia of, ii, 154 


cells of. i, 82 


action of, il, 164, el seq. 


Tenor voice, ii, S7 




Tension, arterial, i, 148 


155 " ' 


Tension of gases in lungs, 1, 107 


structure, if, 151 


Tensor lympani muscle, ii, 181 
office of, ii, ISO 


in substance of organs, Ii, 156 
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Touch, hand an organ of, ii. 1(H 


TwUcIe. ii, M8 


illuflioiis, ii, 165 


developmeoi.li, 300 


modifltalions of. ii, 163 


descent of. ii, 30a 


a modiflcalioQ of common seusullon, ii. 


Biructure of, ii, 246, et uq. 


162 


TetanuB. il, 82 


special organs, ii, 163 


Thalami opllci, funclion* of, il. 115 


subjective scnsalious. il, 168 


the tongue an organ of, ii. 164 ' 
various degree* of in diSerenl porU. ii. 
164 
Touch-corpuscles, 1. 83« 


ThermoKenic nerves and uervtvcenlres, 1. 

816 
Tbirat, i. 219 




Ttabeculfc cranii, 11. 273 


Tlioracic duel, i, 2111 


Trachea. 1, 175 


eoDtenla, 1, 3U3 


Tradescantia Virginica. movements in 


Tbymus gland, ii. 5 
fuDcllon or, ii. 6 


celU of. i, 7 


Tragus, ii. 179 


itniciuTe, ii. 5 


Transference of Impression-. H. 84 


Thyro-aryienoid musclM, il, 58 


Traube-Hering's curves, i, 209 


Thyroid cartilage, structure and connec- 


Tricuspid valve, i, 108 ■ 


tionxor 11,52 


lafcty-valve action of. 1, 118 


TLyroid-giiind, ii, 7 
function of. H. 8 


Trigeminal or Bflb nerrc, 11. IW 

effect* of injury of, ii. 140 
Trophic nerves, fl. 142 


ilruclure, 11. 7 


Timbre of voice, ii, 57 


Trypsin, i. 267 


Tissue, adipuBi'. i, 35 


TuU, Eu-tiicldnn. 11, 180 




elastic, i, 82 


Tubercle of Lower, i, 105 


fatty. 1. 85 


Tubi*. Fultoirtan. ii. 288. 8m PaUopian 


fltmtus, 1. 82 


Tubes. 


gelatinous, i. 39 


I»<>ne<l. of Henle. i. 3S0 
Tubular glands, 1, 828 


rettfonn, i. 84 


Tiuues, 


convohiled, i, 823 


connective, i. 88 


• simple, 1. 823 


elementarr Ntructure of, 1. 38, et wo. 


DfintestineB. 1,257, 968 


erectile, f. t«8 


of stomach. 1, 242 


Tone of blood-vessels, i. 153 


Tubulca. 1. 17 ' 


of TDUSCIU. ii, 104 


Tubull seminiferl. il, 247 


of voice«li. 57 


uriniferi, 1.848. rtwj, , 


Tongue, ii. 169 


Tunica albuginrn of lesticle, it. 246 






in sucking, i, 301 


development of. ii, 298 


iictton of In apeecb. ii, «2 


tunclione of. ii. 187 


epliheliuinot. ii. 72 


membrane of. It. 180 


influence of facial nerve od muscles uf. 


structure of, Ii. 180 


il, 145 


uh: of air In, 11.189 


motor nerve of. Ii. 150 




an organ of touch, il. 173 
psplllle of, il. 169 


Tyrosin. 1. 2«1 




parts most sfiisitlve to tasie. ii, 174 




structure of. ii. 169 


u. 1 


Tonsils, i. 238 




Tooth, i. 55. Ste Teeth. 


nerves, &. 156 


TcMlh-acbe, mllKUon of, seusation in. ii. 


85 


Ulnar nerve. 


Tooth-pulp, i, 59 


effects of compression of. Ii. 81 


Touch, il, 162 


Umbilical arteries, 11, 270 


aftersensation, ii, 168 


contraction of, i. 142 


conditions for perfection of. ii, 168 


cord, 11, 270 


connection of with muscular sense, il. 


vesicle. Ii. 254, 2«I 


165 








function of cuticle wilh regnrd to. 1, 


Unstnped muscular flbne, ii, M 
devclopmenl. ii. 20 




of papills of ekin vllh regard to. 1, 


disiribuiiou. II. 14 


M 


structure. 11, 15 


k 


m 
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Uraclms, H, 204 


Urocbromc. i. 862 ^^^^^| 


Urate of ammonium, ), 360 


Uroer.vthrin, 1,363 ^^ 


of sodium, 1, 880 


Uses of blood, i, 91 


UrcB. i, 858 


Uterus, li, 388 


apparatus for estimating quaDlity, 1, 


change of mucous memlirane of, ii, H 


859 


follicurar glands of;ii,2aB 


chemical composition of. i, 385 


identical with cyanalo of ammonium, 


masculinus, li. 304 


i. 859 


reflux action of. U, 108 


properties, i, 8.^8 


structure, ii, 838 


qurtntit^. i. 359 


Ulriculua of labyrinth, ii, 185 


in relation to muscular exertion, i, 371 
Bources, 1, 370 
Ureides, 11, 888 


Uvula in relation to voice, il.69 


V, 


Ureter, i. 354 




Urethra, developmeni of, li, 305 


Vagina, structure of. li. 339 


Uric add. i, 360 


Vagus uerve, i, 333. See PneumogaBtriOL 
Valerianic acid, il, 839 


condition In which It exists In urine, 1, 


880 ■ 


Valve, ilioc«cal, sinicture of, I, 363 


forms in which It is deposited, 1, 861 


of Vieusscns. ii, 116 


proportionate quaatli; of, i, 360 


Valves of heart, 1, lOB 


source of, 1. 873 


action of, i, 113. rtwj. 


teats, i, 361 


bicuspid or mitral, 1, 109 


TftriationB in quantity, 1, 860 


semilunar, i. 110, 114 


Urluu sanguinis, potQs. el cibl, i, 357 
Urinary btadder, i. 349 


tricuspid, i, lOS, 110 


of lymphfliie vessels, 1.297 


of veins, i. 137, et »eq. 


nerves, i, 853 


Valvulfc connivenies, i, 255 


regurgitaiion from prevented, i, 878 


Vas deferens, ii, 246 


siruclurc, i. 34B 


development, ii. 300 


Urlnury ferments, i, 355; U, 888 


Vaaa efferentla of testlde, ii, 247 




of kidncv, 1, 358 


analyala of, i, 855 • 


recta of kl'dney, i, 858 
of testicle, 11, 347 


chemical composition, i. 355 


coloring matter of, i. 868 
cystio in, 1, 805 
(iecomposilion by mucus, i. 866 


vasorum. i, 181 


Vascular area, 11, 303 


Vascular glands, il, 461 


eflect of blood pressure on, 1, 887 


in relation to blood, il, U • 


eipHUion, i. 873 


several offices of, ii. 11 


extracti'reH, i, 363 


Vascular syHtera, development of, 11,919 


flow of Into bladder, 1, S73 




gases, i. 865 

Blppuric add In, i. 361 


Vaso-di!ator nerves, i, 150 


Vaso-motor Influence on blood-pressure;; 


mueusin. i,863 


i. 154. el **?. 


oxalic acid in, 1, 865 


Vaso-motor nerves, i, 154 


phynical characters, i, 355 


effect of section, 1, 154. et »eq. 




influence upon blood-pressure, 1, 154 


quantity of chief constituents, 1, 856 


Vaso-motor nerve-centres, i, 154 


reaction of, i, 355 


refleclion by. i, 154 


in differcDt animals, 1. 856 


Vegetabli's aud aoiiuals, distloctloDS I| 


mode alkaline bv diet, i, 356 


tween,i.a 


saline matter, i, 868 


Veins, i. 185 


secretion, i, 370 




effecta of posture, etc., on, i, 873 


blood-pressure In, 1. 163 


rate of, i, 878 


circulation In. i, 161, «f to. 


solids, i, 358 


rate of, i, 166 


variations of, t. 350 


cardinal, ii, 384 


speclflc gravity of.l. 357 
variatronaof,i,857 


collateral circulation in, i, 161 
cranium, 1, 167 


urates, i, 860, 361 


development, il, 288 


urea, i, 858 


distribution. 11, 135 


uric add in, i, 860 




variations of spcclflc gravity, i, 857 


of respiration on. 1, 306 


of water, i, 357 




TJtobilin. 1,36:^ 


103 « . ■. 



INDEX. 



377 



V«lh8, influence of expiration on, i, 207 
inspiration, i, 206 
influence of gravitation in, i. 168 
parietal system of, ii, 288, ei 9eq. 
pressure in, i, 162 
rhythmical action in, i, 162 
ttructure of. i, 186 
systemic, i, idz 
umbilical, ii, 270 
▼alves of, i, 187 
▼elocity of blood in, i, 165 
Tisceral system of, ii, 288, ei $eo. 
Telocity of blood in arteries, i, 164 
in capillaries, i, 165 
in veins, i, 165 
of circulation, i, 168 
of nervous force, ii, 81 
Yena ports, i, 88. 269 
Yens hepatic® advehentes, ii, 288 

revehentes, ii, 284 
Ycntilation, i, 204 
Ventricles of heart, 1, 112 
capacity of, i, 107 
contraction of, i. 112 

effect on blood-current in veins, i, 124 
dilaUtion of, i, 124 
force of, i, 124 
at larynx, office of, ii, 60 
YentriloQuism, ii. 62, 194 
Yermicufar movement of intestines, i, 

289 
Yermiform process, i, 262 
Vertebne, development of, ii, 270 
Yeiicle, ^rminal, ii, 287 
Oraafian. ii. 2B5 

bursting of, ii, 240 
iimbiUcal. ii, 254. 261 
^crtcula germinativa ii, 287 
^ariculs seminales. ii, 250 
functions of, ii, 250 
TCflex movements of, ii, 108 
fliructure. ii, 250 
3r«»libule of the ear, U, 182 
^Crtigial fold of Marshall, U. 285 
Qnivations, conveyance of to auditory 

nerve, ii, 185. et •eq, 
B perception of, ii, 194 
V of vocal cordis, ii, 52 
itfldian nerve, ii, 144 
RrBII in chorion, ii. 265 
in placenta, ii. 268 
IDi of intestines, i. 259 
•eCion in digestion, i. 260 
Vleoeral arches, development of, ii, 278 
!ii. cxmnection with cranial nerves, ii, 274 
' HmiDs or plates, ii. 260 
lion, 11,196 
iDgle of, U, 221 

•loifferent distances, adaptation of eye 
^ to, ii, 207, et 9eg. 

^ eontrasted with touch, ii, 221 

iorpora quadrigemina, the principal 

nerve-centres of. ii. 114 
•OfTection of aberration, ii, 218« ei eeq. 
of inversion of image in, 11, 218 
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Visloii. defects of, ii, 211. et tea. 
distinctness of, how secured, ii, 208, ei 

eeg. 
double, U, 229 

duration of sensation in, ii, 216 
estimation of the form of objects, ii, 228 
of their direction, ii, 222 
of their motion, ii, 282 
of their size. ii. 221 • 

field of. size of, ii, 220 
focal distance of, ii. 206 
impaired by lesion of fifth nerve, ii, 

140 
influence of attention on, ii, 228 
modified by different parts of the ret- 
ina, ii. 226 
purple, ii. 218 
in quadrupeds, ii, 280 
single, with two eyes, ii, 281 
Visual direcUon, ii, 222 
Vital or respiratory capacity of chest, i, 

189 
Vital capillary force, 1, 161 
Vital force, ii. 821 
Vifellin, ii. 829 
Vitelline duct. U, 261 
membrane, ii. 287 
spheres, ii. 258 
Vitreous humor, ii, 205 
Vocal cords, ii. 52 
action of in respiratory actions, 1, 188, 

et ^. 
approximation of, effect on height of 

note, ii, 56 
elastic tissue in, i, 83 
lon^r in males than in females, ii, 57 
position of, how modified, ii. 56 
vibrations of, cause voice, ii, 51 
Voice, ii, 50, 57 
of boys, ii. 58 
compass of. U. 57 

conditions on which strength depends, 
ii. 58 
Vdice. human, produced by vibration of 
vocal cords, ii, 50. 55 
in eunuchs, ii. 58 
influence of i^ on. ii, 58 
of arches of paJate and uvula, ii, 59 
of epiglottis, ii, 55 
of sex. ii. 57 
influence of ventricles of larynx, ii, 60 

of vocal cords, ii, 56 
in male and female, ii, 57 

cause of different pitch, ii, 57 
modulations of. ii, 5i 
natural and falsetto, ii, 58 
peculiar characters of, ii. 57 
varieties of. ii, 58 
Vomiting, i. 251 
action of stomach in, i. 251 
nerve actions in, i, 252 
voluntary and acquired, i, 252 
Vowels and consonants, ii, 60 
Vulvo- vaginal or Duvemey's glands, ii, 
«o8 
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Walking, ii, 41 
Water, B, 341 
absorbed by skin, 1, 845 

by stomach, i, 284 
amount, 

in blood, variations in, 82, 87 
exhalec^ from lunss, i, 106 

from skin, i, 845 
forms large part of human body, ii, 

841 
influence of on coagulation of blood, i, 

71 
influence of on decomposition, ii, 826 
in urine, excretion of, i, 805 

yariations in, i, 857 
loss of from body, ii, 841 
. uses, ii, 841 

quantity in various tissues, ii, 841 
source, ii, 841 

vapor of in atmosphere, 1, 192 
Wave of blood causmg the pulse, i, 142 

velocity of, i, 148 
White corpuscles, i, 79. See Blood cor- 
puscles, white; and Lymph-cor- 
Duscles 
White flbro- cartilage, i, 41 
fibrous tissue, i, §1 



Willis, circle of, i, 167 
Wolffian bodies, ii. 898, et eeq. 
Work of heart, i, 124 



Xanthin, i, 868 
Xantho-proteic reaction, ii, 827 



Yawning, i, 201 

Yelk, or viteUus, ii, 252 

changes of, in Fallopian tube, ii, 253 

cle:ivmg of, ii, 258 

constriction of, by ventral lamins, ii. 
260 
Yelk-sac, ii, 260, et $eq. 
Yellow elastic fibre, i, 80, 88 

fibro-cartikige, i, 40 

spot of B5mmering, ii. 199 
Young-Uelmholtz theory, ii, 224 



Z. 



Zimmermann, corpuscles of, ii, 6 
Zona pellucida, ii, 287 
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